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PREFACE 

TO  THE  SECOND  EDITION 


The  rapid  sale  of  the  first  edition  of  '*  A  Practical  Treatise 
on  Animal  and  Vegetable  Fats  and  Oils,"  and  the  continued 
demand  for  it,  testify  to  its  having  filled  a  useful  place  in  Eng- 
lish technical  literature. 

It  is  quite  unnecessary  here  to  enlarge  upon  the  vast  import- 
ance and  the  commercial  value  of  these  materials,  since  they 
are  indispensable  requisites  both  in  domestic  economy  and  in 
the  arts — equally  important  for  food  and  as  materials  in  the 
manufacture  of  soap,  perfumery,  lubricants,  paints,  varnishes, 
etc.,  and  as  sources  of  light.  Since  the  classic  researches  of 
Chevreul  and  the  more  recent  ones  of  Heintz,  little  that  is  new 
has  been  added  to  the  chemistry  of  the  fixed  oils  and  fats,  but 
the  number  of  these  fats  and  oils  available  for  technical  pur- 
poses has  been  largely  augmented  by  the  discovery  and  utiliza- 
tion of  many  new  varieties.  In  order  adequately  to  represent 
this  advancement  and  development,  it  was  felt  that  the  second 
edition,  which  is  now  submitted  to  the  public,  required  to  be  a 
more  extended  work. 

In  carrying  out  this  project  the  first  edition  has  been  thor- 
oughly revised  and  largely  rewritten,  and  much  time  and  care 
have  been  devoted  to  the  gathering  of  information  from  all 
available  sources.  During  the  last  few  years  several  valuable 
works  relating  to  the  chemistry  and  technology  of  fats  and  oils 
have  been  published  abroad,  and  these,  as  well  as  the  volu- 
minous literature  scattered  throughout  the  pages  of  numerous 
scientific  and  technical  periodicals,  have  been  freely  consulted, 
with  the  object  of  bringing  the  work,  as  far  as  possible,  up  to 
date.     Like  the  first  edition,  the  book  is  divided  into  three  parts. 

(V) 


Vl  PREFACE  TO  THE   SECOND  EDITION. 

Part  I.  treats  of  Fixed  Fats  and  Oils.  It  is  chiefly  based 
upon  the  German  work,  Die  Technologie  der  Fette  und  Oele  des 
Pflansen-und'ThierreichSy  by  Dr.  Carl  Schaedler,  a  second  edi- 
tion of  which,  edited  by  Paul  Lohmann,  has  appeared  since  the 
death  of  Dr.  Schaedler.  While  a  considerable  portion  of  this 
work  has  been  incorporated  into  the  present  treatise,  this  infor- 
mation has,  whenever  required,  been  supplemented  by  fuller 
descriptions,  especially  of  cotton  seed  and  other  American  oils, 
and  the  processes  of  their  extraction. 

Part  II.  contains  Volatile  or  Essential  Oils.  This  portion  of 
the  work  has  been  rearranged  and  almost  entirely  rewritten. 
Instead  of  being  placed  in  alphabetical  order,  the  oils  have  been 
classified  according  to  their  botanical  derivations,  such  arrange- 
ment being,  for  reasons  given  later  on,  considered  the  most 
suitable.  Thanks  to  the  labors  of  Wallach  and  others,  vast 
strides  have  in  recent  years  been  made  in  the  elucidation  of  the 
chemistry  of  volatile  oils,  and  these  investigations,  as  well  as  all 
other  available  sources  of  information,  have  been  consulted' and 
made  use  of  in  order  to  render  this  portion  of  the  work  as 
complete  as  possible. 

The  Appendix — the  third  part  of  the  book — is  devoted  to 
Lubricants.  This  portion  has  been  considerably  enlarged  by 
the  addition  of  practical  receipts  for  axle-greases  and  lubricants 
of  all  kinds,  and  it  is  hoped  that  it  will  prove  of  value  to  those 
interested  in  the  subject. 

In  brief,  the  object  aimed  at  in  the  preparation  of  this  edition 
has  been  to  make  it  useful  to  all  persons  in  any  way  interested 
in  fats  and  oils,  and  especially  so  to  analysts,  pharmaceutists, 
chemists,  manufacturers  and  technical  students. 

As. is  the  general  custom  of  the  publishers,  they  have  caused 
the  work  to  be  supplied  with  a  copious  table  of  contents,  as 
well  as  a  very  full  analytical  index,  which  will  render  reference 
to  any  subject  in  both  volumes  prompt  and  easy. 

William  T.  Brannt. 
Philadelphia^  September  lOy  i8g6. 
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HISTORICAL  NOTICE. 


But  little  is  known  regarding  the  use  ot  animal  and  vege- 
table fats  and  oils  in  the  earliest  ages  of  the  world.  However, 
the  process  of  extracting  fat  oils  from  plants,  and  their  employ- 
ment for  a  variety  of  purposes,  but  principally  as  a  means  of 
illumination,  was  understood  at  an  early  period.  In  the  writ- 
ings of  Moses  oil  is  frequently  mentioned,  and  it  appears  prob- 
able that  the  candlesticks  so  frequently  referred  to  in  Holy 
Writ  served  as  a  support  for  lamps  and  not  candles.  In  Gene- 
sis Moses  speaks  of  a  burning  lamp,  and  in  the  two  following 
books  it  is  clearly  stated  that  olive  oil  was  the  material  used  as 
the  source  of  light.  The  introduction  of  oils  into  Europe  dates 
also  from  a  very  remote  period.  During  the  Trojan  war  the 
Greeks  appear  to  have  been  ignorant  of  the  mode  of  applying 
oil  as  a  source  of  light,  for  Homer  mentions  wood  torches  as  a 
means  of  illumination  at  that  time,  while  according  to  Herodo- 
tus* the  Greeks  were  the  first  European  people  acquainted  with 
oils.  They  derived  their  knowledge  of  oil,  and  the  means  of 
procuring  it,  from  the   Cecrops,  who  brought  olive  oil  from 

*  Born  484  B.  C,  died  40S  B.  C. 
(I) 
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Sais,  a  province  of  lower  Egypt.  Statements  by  Dioscorides* 
and  Plinyt  clearly  show  that,  besides  olive  oil,  the  Greeks  and 
Romans  of  the  first  century  were  acquainted  with  several  other 
fat  oils,  such  as  castor  oil,  almond  oil,  nut  oil,  etc. 

For  obtaining  the  oil  two  methods  were  at  that  time  in  gen- 
eral use,  viz. :  expression,  and  boiling  with  water,  the  oil,  in 
the  latter  process,  separating  on  the  surface. 

It  may  be  left  undecided,  whether  the  action  of  oil  in  quiet- 
ing the  sea,  which  in  modern  times  has  been  repeatedly  utilized 
with  favorable  results,  was  known  to  the  Arabs  and  the  naviga- 
tors  of  the  North,  but  it  is  an  established  fact  that  in  Herodo- 
tus' times  it  was  made  use  of  by  the  Greeks  in  their  venture- 
some voyages  in  open  boats  across' the  Mediterranean. 

Unequivocal  references  to  butter  were  first  made  by  Herod- 
otus and  Hippocrates,}  both  stating  that  the  Scythians  by  vig- 
orously agitating  the  milk  of  their  horses  and  separating  the 
mass  collecting  on  the  surface,  obtained  a  product  which  Hip- 
pocrates  calls  (hbrcpm — butter.  Dioscorides  was  cognizant  of 
the  fact  that  the  best  butter  is  obtained  from  the  fattest  milk, 
for  instance  goat  milk  or  sheep  milk,  and  that  it  may  be  used 
as  a  substitute  for  oil  in  dressing  vegetables ;  further  that,  like 
other  fats,  butter  is  combustible,  and  he  speaks  of  the  soot 
obtained  in  burning  it  in  a  lamp  as  a  medicine.  The  process 
of  saponification  has  thrown  most  light  upon  the  chemical 
nature  of  fats.  This  process  was  known  in  olden  times,  but 
that  it  was  understood  at  an  early  era  is  not  proven  by  the 
occurrence  of  the  word  **  soap  "  in  several  places  in  the  trans- 
lation of  the  Old  Testament§,  for  it  is  positively  asserted  by 
distinguished  linguists  that  the  actual  meaning  of  the  word 
thus  rendered  is  "  alkaline  lye  of  a  plant."  Even  Dioscorides 
appears  not  to  have  been  acquainted  with  soap,  though  he 
mentions  a  preparation  made  of  vine-ash  and  oil  or  fat  as  a 
remedy  for  external  use  in  many  ailments. 

*  A  Greek  physician  about  50  A.  D. 
t  Born  23  A.  D.,  died  79  A.  D. 
X  A  Greek  physician,  B.  C.  460-377. 
§  Jeremiah,  ii,  22;  Malachi,  iii,  2. 
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The  earliest  mention  of  the  term  **  soap,"  as  applied  to  the 
substance  known  to  us,  occurs  in  Book  XVIII.  of  Pliny's  "  His- 
toria  Naturalis,"  but  he  refers  to  it  rather  as  an  emollient  and 
discussive  remedy  for  external  use,  and  calls  it  sevum  caprinum 
cum  calce. 

Soap  prepared  from  beech-ash  and  goat-fat  was  used  as  a 
means  for  beautifying  the  hair. 

The  celebrated  physician  Galen*  says,  German  soap  is  the 
best,  because  it  is  fattest ;  and  next  to  it  is  Gallic  soap,  because 
it  has  an  emollient  effect,  and  is  used  for  removing  dirt  from 
the  body  and  from  clothes.  The  invention  of  soap  is  without 
doubt  either  of  German  or  Gallic  origin.  The  reason  of  Ger- 
man soap  being  distinguished  by  Galen  as  fatter  (softer)  than 
the  Gallic  product,  may  very  likely  be  found  in  the  fact  that 
the  former  was  prepared  with  alkali  from  the  ash  of  land  plants 
(potash),  and  the  latter  with  ash  of  marine  plants  (soda). 

The  ancient  Egyptians  were  acquainted  with  plasters  con- 
taining white  lead,  such  a  plaster  invented  by  King  Attains  IILf 
being  very  celebrated.  Dioscorides  states  that  oxide  of  lead 
when  boiled  with  oil  acquires  the  color  of  leather  and  yields  a 
plaster. 

Pliny  was  acquainted  with  the  solubility  of  resins  in  oil.  He 
speaks  of  the  preparation  of  remedies  by  dissolving  resin  in  oil, 
and  says  positively :  "  Resina  omnis  dissolvitur  in  oleoT  The 
alchemist  Basilius  ValentinusJ  was  the  first  to  apply  the  term 
"  balsam  of  sulphur*\to  a  solution  of  sulphur  in  olive  oil,  lin- 
seed oil,  etc. 

The  ideas  regarding  the  chemical  constitution  of  fats,  oils 
and  soaps  were  very  crude,  and  as  late  as  the  17th  and  i8th 
centuries  the  opinion  prevailed  that  in  the  formation  of  soap 
the  fat  simply  combines  with  the  alkali.  Otto  Trachenius,§ 
however,  said  that  oil  or  fat  contains  a  "  verborgene  Saure" 

*  Born  1 31  A.  D.,  died  about  200  A.  D. 

fDied  133B.  C 

I  Towards  the  end  of  the  15th  century. 

$  Bom  at  Herford,  WestphaUa;  died  1696,  at  Venice. 
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(hidden  acid),  and  he  was,  therefore,  cognizant  of  the  fact 
which,  nearly  two  centuries  later,  rendered  Chevreul's  name 
immortal. 

Some  chemists  observed  that  fat,  when  for  some  time  in  con- 
tact with  metal,  attacks  the  latter,  and  from  this  inferred  a  con- 
tent of  acid.  Joseph  Geoffroy,*  in  1 741,  Was  the  first  to  recog- 
nize the  fact  that  fat  separated  from  soap  by  means  of  acid 
possesses  different  properties  from  the  fat  used  in  the  prepara- 
tion of  soap,  it  dissolving,  for  instance,  with  greater  ease  in 
alcohol,  and  Bertholietf  showed  that  fat  combines  not  only  with 
alkalies,  but  also  with  earths  and  metallic  substances  by  mixing 
a  solution  of  ordinary  soap  with  solutions  of  earthy  and  metallic 
salts.  He  prepared  several  such  combinations,  and  in  1780 
laid  them  before  the  Paris  Academy. 

Even  Scheele'sJ  discovery  in  1783,  that  by  the  action  of  lead 
oxide  upon  olive  oil  a  peculiar  sweet  substance — -principium 
dulce  oleorum — glycerin — is  separated,  which,  when  treated 
with  nitric  acid,  yields  oxalic  acid,  remained  without  influence 
upon  the  theory  of  the  formation  of  soap.  In  the  succeeding 
year  Scheele  established  the  presence  of  the  same  substance  in 
lard  and  butter.  However,  he  failed  to  recognize  the  importance 
of  this  body  in  relation  to  the  formation  of  soap  and  up  to  his 
death  was  of  the  opinion  that  oils  are  composed  of  carbonic 
acid,  water  and  phlogiston,  1.  e.y  the  base  of  inflammability  and 
the  products  of  combustion. 

Antoine  Laurent  Lavoisier,§  the  discoverer  of  oxygen  and 
founder  of  the  antiphlogistic  theory,  hence  of  modern  chemistry, 
by  burning  olive  oil  and  calculating  the  results  found  that  the 
oil  contains  78.9  per  cent,  carbon  and  21.1  per  cent,  hydrogen, 
and  therefore  considered  it  a  hydrocarbon. 

In  the  commencement  of  the  present  century  the  various 
kinds  of  fat  were  not  considered  different  combinations  of  a 

*  Born  August  8,  1686;  died  March  9,  1752. 

t  French  chemist,  bom  1748;  died  1822. 

X  Swedish  chemist,  born  Dec.  2,  1742;  died  May  21,  1786. 

§  French  chemist,  bom  August  16,  1743,  died  May  8,  1794. 
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few  specific  constituents,  but  more  simple  organic  combinations 
diflfering  one  from  another  like,  for  instance,  the  various  kinds 
of  sugar,  the  derivation  and  consistency  serving  as  bases  of 
distinction.  They  were  divided  into  fat  oils — drying  and  non- 
drying — ^vegetable  butter,  wax,  train  oil,  lard,  etc.  Adipocere* 
was  first  discovered  by  Foucroy  in  the  Cimetiere  des  Innocents 
when  it  was  removed  in  1787;  adipocere  was  classed  with 
spermaceti. 

In  1813,  thirty  years  after  the  discovery  of  glycerin,  Michel 
Eugene  Chevreulf,  by  his  memorable  investigations,  threw 
light  upon  the  constitution  of  fats  and  the  formation  of  soap, 
and  led  the  way  to  the  distinction  of  fatty  acids,  the  issue  of 
these  discoveries  being  the  fatty  acid  industry,  commenced  in 
1828,  and  at  present  developed  to  enormous  proportions. 

r 

Further  historical  data  belong  to  more  modern  times  and  are 
referred  to  in  the  text. 

*  A  soft  unctuous  or  waxy  substaDce,  of  a  ligbt  brown  color,  into  which  the  fat  and 
muscular  fibre  of  dead  animal  bodies  are  converted  by  long  immersion  in  water  or 
spirit,  or  by  burial  in  moist  places  under  peculiar  circumstances. 

t  Bom  at  Angers,  August  31, 1786;  died  at  Paris,  August  9,  1889,  *^  ^^  ^'^  of  103. 


CHAPTER  II. 

OCCURRENCE  OF  FATS  AND  OILS — ^VEGETABLE  FATS — ANIMAL 

FATS — DETERMINATION  OF  THE  CONTENT  OF  OIL  AND  FAT, 

AND  DETERMINATION  OF  THE  VALUE  OF  OIL  SEEDS — 

EXTRACTIVE  CONTENT  OF  FAT. 

The  term  fats  is  applied  to  a  series  of  organic  substances, 
colorless  or  of  all  possible  colors,  which  at  the  ordinary  tem- 
perature are  either  solid,  soft,  or  fluid.  In  a  pure  state  they 
are  nearly  odorless  and  tasteless,  but  as  ordinarily  met  with  in 
commerce,  they  possess  a  characteristic  odor  not  always  agree- 
able. By  the  application  of  heat  they  are  only  partially  vola- 
tilized without  suffering  decomposition,  if  special  precautionary 
measures  are  used.  Upon  paper  they  produce  a  permanent 
grease  spot.  Such,  briefly,  are  the  principal  characteristics  of 
a  group  of  bodies  widely  distributed  throughout  nature.  When 
solid  they  are  briefly  called  fats^  and  when  fluid  oils;  between 
them  are  the  butters,  which  are  soft  varieties  of  fats  possessing 
the  physical  texture  of  cow's  butter.  Waxes  have  at  the  ordi- 
nary temperature  a  firm  texture,  but  when  heated  melt  to 
liquids,  which  closely  resemble,  in  their  general  physical  char- 
acters, ordinary  liquid  oils  and  melted  fats. 

Certain  other  bodies,  partially  prepared  artificially  and  par- 
tially occurring  in  nature,  possess  properties  similar  to  those 
of  natural  fats.  To  the  former  belong  the  hydrocarbons  formed 
by  the  destructive  distillation  of  resin,  lignite,  coal,  wood  and 
bones,  and  to  the  latter  the  hydrocarbons  furnished  by  nature 
such  as  petroleum,  ozocerite,  etc.  All  of  them,  when  properly 
purified,  possess  properties  similar  to  those  of  the  fats,  and 
may,  for  special  purposes,  serve  as  substitutes  for  them.    How- 

(6) 
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ever,  they  differ  materially  from  them  as  regards  their  compo- 
sition and  chemical  behavior. 

Another  group  of  bodies  commonly  called  volatile  or  essen- 
tial oils  have  nothing  in  common  with  the  actual  fats  except  a 
certain  lubricity  and  the  property  of  producing  upon  paper  a 
grease  spot,  which,  however,  is  only  temporary. 

In  this  portion  of  the  work  only  the  actual  fats  and  fat  or 
fixed  oils  will  be  discussed,  the  volatile  or  essential  oils  being 
treated  of  in  the  second  part. 

The  fats  and  fat  oils  are  composed  of  carbon,  hydrogen  and 
oxygen.  According  to  the  idea  formerly  held  they  are  con- 
sidered salt-like  combinations,  ^nce  they  can  be  resolved  into 
glycerin  and  acids  belonging  to  the  so-called  fatty  acids. 

The  fats  occurring  in  nature  are  always  mixtures  of  various 
glycerides  of  olejn,  palmitin,  stearin,  etc.,  but  besides  them  con- 
tain occasionally  sulphur  combinations  as,  for  instance,  the 
crude  oils  of  the  cruciferous  plants,  or  phosphor  combinations 
in  the  form  of  lecithine  or  protagon,  as  in  pea  oil.  (For  de- 
tails see  Chapter  VI.) 

I.    Vegetable  Fats. 

These  fats  are  widely  distributed  throughout  the  vegetable 
kingdom ;  they  occur  as  constituents  of  the  cell-content,  but 
may  also  be  distributed  in  the  protoplasm  as  well  as  the  cell- 
juice.  In  cells  rich  in  protoplasm  of  oleiferous  seeds  they  are 
imbedded  in  the  protoplasm  in  the  form  of  very  small  globules 
forming,  like  in  milk,  an  emulsion.  As  a  rule  the  juice-space 
of  each  cell  contains  a  single  large  orbicular  oil-body — drop  of 
fat  —  which  frequently  occupies  a  large  portion  of  the  cell- 
space.  Sometimes  the  fat  also  forms  a  ball,  as  in  the  cacao 
seed.  There  is  no  seed  which  does  not  contain  at  least  a  few 
per  cent,  of  fat,  but  as  a  rule  amylaceous  seeds  contain  less 
fat  than  seeds  free  from  starch,  and,  under  all  conditions,  the 
axis  of  the  embryo  (the  radicule,  hypocotyle  and  plumule)  is 
the  portion  of  the  seed  relatively  richest  in  fat.  Generally 
speaking  the  limpid  oils,  i.  e,  those  richer  in  oleic  acid,  seem  to 
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be  stored  in  the  axis  of  the  embryo,  while  the  cotyledons  and 
the  endosperm*  are  richer  in  more  solid  fats.  Crystals  of 
fatty  acids  occur  in  the  endosperm  of  the  palms — Elais guineen- 
sis,  Cocos  nucifera,  Astrocaryum  vulgare^  Virola  sebifera^  etc. 
These  fruits  and  oil-seeds  may  also  contain  :  Protein  substances ; 
chlorophyl  (pericarp  of  the  olive  ;  pistacia  nuts)  ;  granular  color- 
ing matter  (seed  tissue  of  Virola  sebifera);  fluid  coloring  mat- 
ter (palm  butter,  fruit  of  Astrocaryum  vulgare);  resin  (cotton 
seed) ;  more  rarely,  starch  (acorns,  nutmegs),  and  very  seldom 
in  the  decaying  cell-wall,  as,  for  instance,  the  tissue  of  the  beet 
— Beta  vulgaris.  Seeds  rich  in  fat  sometimes  contain  also 
granular  (crystalline)  formations,  aleuron  bodies  or  gluten  (in 
the  cacao  seed,  castor  bean,  Para  nut)  which,  according  to 
Sachs,  are  a  mixture  of  fat  with  albuminous  bodies.  The  gluten 
occurs  in  a  roundish  or  polyhedral  form,  and, is  formed  only 
when  the  seed  is  nearly  ripe ;  when  the  latter  germinates  the 
gluten  is  redissolved. 

In  some  cases  the  globular  drops  of  fat  are  enveloped  in  a 
peculiar,  delicate  membrane,  as  in  the  olive. 

No  portion  of  phenogamic,  as  well  as  cryptogamic,  plants  is 
entirely  wanting  in  fat,  the  latter  differing  from  that  of  the  seeds 
only  by  its  more  wax-like  character.  Fats  in  large  quantities 
appear  as  reserve-nutriment  in  fruits  and  seeds,  more  rarely  in 
underground  parts  of  plants,  as  in  the  rhizome  of  Cyperus 
esculentus. 

In  the  vegetable  kingdom  wax  occurs  especially  as  a  coating 
upon  stalks,  leaves,  fruits,  and  other  portions  of  plants;  in 
larger  quantities  it  is  found  upon  the  trunks  of  some  palms, 
such  as  Copernicay  Ceroxylon,  etc. 

The  wax  is  formed  in  the  cuticle  of  the  epidermis  of  the  por- 
tion above  ground,  and  in  many  plants  exudes  as  a  secretion 
in  the  form  of  a  very  thin  whitish  film,  which  can  readily  be 
wiped  off,  as,  for  instance,  upon  the  green  portions  of  cabbage, 
poppies,  peas,  as  well  as  upon  plums,  grapes,  and  many  other 

*  An  oleiferous  perisperm  does  not  appear  to  exist. 
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hairless  parts  of  plants.  The  seeds  of  Stillingia  sebifera,  the 
Chinese  tallow  tree,  are  coated  with  a  hard  layer  of  tallow, 
which  no  doubt  is  formed  in  the  same  manner  as  wax. 

Fat  in  various  quantities  is  stored  in  the  roots  of  gentian — 
Gentianay  rhubarb — Rheum,  rest-harrow — Ononis;  in  the  rhi- 
zomes of  Cyperus  esculentuSj  hellebore —  Veratrum,  ferns — Filices; 
in  the  bulbs  of  the  onion — Allium  cepa^  squill — Scilla  mari- 
tima ;  in  the  tubers  of  meadow-saffron  (colchicum) — Colchi- 
cum;  in  the  stem  of  the  mistletoe — Viscum  album;  in  the 
barks  of  the  willow — Silex,  horse-chestnut — Aesculus;  in  the 
leaves  of  the  bitter  polygala — Polygala,  clover — Trifolium  car- 
natumy  Holeus  lanatus;  in  \}[vt  flowers  of  the  chamomile — Cham- 
omilla;  in  the  endoscarps  of  the  olive — Olea,  laurel — Laurus, 
oil-palm — Elais;  in  the  seeds  of  the  cruciferous  plants.  Papa- 
veraceae,  Amygdaleae,  etc.,  in  the  spores  of  Lycopodium;  in 
fungi,  such  as  ergot,  yeast,  etc. 


The  following  plants  arranged  according  to  de  CandoUe's 
improved  system,  yield  chiefly  fats  and  oils  which  are  techni- 
cally utilized. 

The  fat  of  the  plants  marked  with  an  asterisk  (*)  is  obtained 
in  the  countries  of  their  growth,  and  is  directly  brought  into 
commerce,  generally  from  the  tropics. 

The  seeds  and  fruits  of  the  other  plants  have  become  articles 
of  commerce,  and  the  oil  from  them  is  limited  neither  by  loca- 
tion nor  time : 

1.  CiESALPINIACE^. 

Arachis  hypogaa  L.  ^ 

"       africana  Lour.     >  Ground-nut  or  pea-nut  oil. 

"       americana  Ten.  ) 
Moringa  oleifera  L.  )  Africa,    South    America — ^ben 

"       pterygosperma  Gaert.  J  oil. 

2.  AMYGDALEiE. 

Amygdalus  communis  L. — almond  oil. 

"  Persica  vulgaris  L. — peach  oil. 

Prunus  domestica  L. — plum-kernel  oil. 
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3.  POMACEiE. 

Cydonia  vulgaris  L.— quince-seed  oil. 
Pyrus  Malus  L. — ^apple-seed  oil. 

4.  CASSUVIEiE. 

Semecarpus  orientaU  L. — East  Indies,  cashew-apple  oil — HuUe 
de  noix  acajou, 
5.  Burserace£-Amyridb£. 

^Irwingia  Barteri  Hook. — South  Africa — dika  fat. 

6.  CELASTRINEiG. 

Evonymus  europctus  L. — spindle-tree  oil. 

7.  EUPHORBIACEiC. 

^SHliingia  sebifera  Willd. — China — Chinese  tallow. 
^AUurites  moluccana  Willd. — ^Java,  Moluccas — candle-nut  oiL 
Croton  Tiglium  L. — East  Indies — croton  oil. 
Ricinus  communis  L.     ^  ^ 

**       viridus  Willd.  >  East  and  West  Indies.  >  Castor  oil. 

"       incrmis  Jaqu.   3  j 

Euphorbia  Laihyris  L. — France — purging  oil. 
Jatropha  curcas  L. — South  America — purgir-nut  oil. 

8.  SAPINDACEiG. 

Sapindus  Saponaria  L. — ^West  Indies.  1  Qq  n  t         *1 

**         emarginatus  Vahl.  — East  Indies.  J 
SchUichera  trijuga  Willd. — Sunda  Islands — macassar  oil. 
Pekea  butyrosa  Aubl. — Guiana — pekea  tallow. 
9.  AMPELiDEiC  (Meliaceae,  Sarmenteae). 

Carapa  guianensis  Aubl. — West  Indies.    )  p  .. 

"       Touloucana  P. — South  America.  I 
Vitis  vinifera  L. — grape-seed  oil. 

10.  LiNEiE. 

Linum  usitatissimum  L. — ^linseed  oil. 

11.  DlPfEROCARPEit. 

*  Vaieria  indica  L. — East  Indies — piney  tallow. 
^Hopea  macrophyUa  de  Vriese.  )    Sunda   )  ^  ,, 

•  "      lanceolata  de  Vriese.     )  Islands.  J 
^Lophira  alata  Schw. — Africa — Niam  fat. 

12.  Malvaceae — (BoMBACEiE). 

Gossypium  herbaceum  L.   ^ 

"         arboreum  L.         West 

"         ramecosum  L.   \      East  Indies,  \  Cotton-seed  oil. 


Bombax  heptaphyllum  L. 
"         malabaricum  L. 


Africa. 
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13.  STERCUIJACEie. 

SUrculia  fatida — India — stinking-bean  oil. 

14.  BUFITNERIACELS. 

Theobroma  Cacao  L.  ^Mexico,    ^ 

"  bicoior  Humb.        >  tropical     >  Cacao  butter. 

"  C»iVi«^«j^- Willd.  3  America,  3 

15.  CAMETI.IACEA. 

Camellia  japonica  L. — ^Japan.  ^ 

"         oleifera  L. — China.  >  Tea-seed  oil. 

"         drupifera  L. — Cochin  China,  j 

1 6.  MVRTACFiE. 

Barringtonia  speciosa  L. — India — Barringtonia  oil. 
Berthoktlia  excelsa  Humb. — South  America — Brazil-nut  oil, 
or  Para-nut  oil. 

17.  COMBRETACKiE. 

Terminalia  Catappa  L. — India,  Java — ^jungle-almond  oil, 

18.  CLUSIACEiC  OR  GARCINIEiE. 

^ Ptndctdesma  butyracea  Don. — Sierra  Leone. 

*  Garcinia purpurea  Roxb. — India — Kokum  fat,  or  Goa  butter. 

19.  MYRISnCEiE. 

*Myfistica  moschata  L.  Moluccas — expressed  oil  of  nutmegs. 
*Myrisiica  Otoba  Humb,  et  Bonpl. — New  Granada — Otoba 

butter. 
*Myristica  officinalis  Mart. — Brazil — Becuiba  tallow. 

•  Virola  sebifera  Aubl. — West  Indies — ^Virola  tallow. 

20.  CuCURBirACEA. 

Citrullus  species.  )    Kast    )  Water-melon   oil,  cucumber-seed, 
Cucumis  species,  )  Africa,  j      oil,  etc. 

21.  CRUaFERiC. 

Sinapis  nigra  L. — Brassica  nigra  K.  'j 

"      alba  L. 

"      iuncea  L.  T  Mustard-seed  oil. 

"      campestris  L.  J 

Brassica  Napus  L. — oleifera  annua.    ^ 

biennis.  >  Rape-oil. 
"        prctcox  Dec.  ) 

"        campestris  D.  C. — colza  oil. 
"        Rapa  L. — turnip-seed  oil. 
Raphanus  sativus  L. — radish-seed  oil. 
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Hesperis  matronalis  L. — hesperis  oil ;  Huile  de  julienne. 

Lepidium  sativum  L.— cress-seed  oil. 

Camelina  sativa  L. — German  sesam^  or  camelina  oil. 

22.  PAPAVERACEiE. 

Papaver  somniferum  nigr.  L.  |  p  ^ed  oil.      - 

"        Glaucium  L. — homed  poppy-seed  oil. 

23.  RESEDACEiE. 

Reseda  Luteola  L. — ^weld-seed  oil. 

24.  BiGNONUCEiE  OR  SESAMEiE. 

Sesamum  indicum  L.,  India.  ^ 

"        orientale  L.,  Levant.         >  Sesam^  or  gingelly  oil. 
Bignonia  tomentosa  Thunb.,  Japan.  3 

25.  OLEINEiE. 

OUa  europaa  L. — olive  oil. 

26.  SOLANEiC. 

Nicotiana  tabacum  L. — tobacco  oil. 
Atropa  belladonna  L. — belladonna-seed  oil. 

27.  SAPOTEiE. 

Bassia  butyracea  Roxb.  'I  1   ^      .    /.     , ,  , 

«       laiiMin  «  i      We,f      I    »*'«'»  ^''  ^^^  *^""' 

>-      lUip^    butter,     Gakm 
butter,  Shea  butter,  etc. 


laHfolia        "        1     West 
longifoHa      "        •  Africa. 


"      Parkii  D.  C. 

28.  COMPOSfTiE. 

HeUanthus  annuus  L. — sunflower  oil. 
Madia  sativa  Mol.,  Chili.  ^ 

Guizota  oleifera  D.  C,  East  Africa.  >  Madia  oil. 
Polymenia  abyssinica        "         "        ) 

Onopordon  Acanthium  L. — thistle-seed  oil. 

29.  LAURINiE. 

Laurus  nobilis  L. — South  Europe — laurel  oil. 

Laurus  glaum  Thunb.,  Japan.   J  ^a^^^,  ^^^^^^ 

Tetranthera  laurijolia  Jaq.         ) 

'* Lepidadenia  IVigthiana  Nees,  Java — tangkallak-fat  or  Java  oil. 

30.  URTICEiE  OR  CaNNABINE^E. 

Cannabis  sativa  L. — hemp-seed  oil. 

31.  JUGLANDEiE. 

Juglans  regia  L — Persia,  Himalaya — walnut  oil. 
Carya  amara  C.  alba  Mich.,  North  America — hickory-nut  oil. 


••  Palm  oil. 
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32.  CuPULlFERiE. 

Fagus  sylvaHca  L. — beech-nut  oil. 
Corylus  avellana  L. — hazel-nut  oil. 
33.  Conifer*. 

Pinus  Abies  L. — ^pitch-tree  oil. 
Pinus  syhestris  L. — pine-tree  oil. 
Gingo  beloba  L. — Japan — gingo  oil. 
^Cocos  nucifera  L.     i  ^      ..  \ 

*  "     butyracea  L.  j  >  Cocoa-nut  oil. 
^AttaUa  Cohune  Mart.,  Honduras.  ) 

* Elais  guineensis  L. 

*  "     melanococca  Gaert.       ^ 
^Alfonsia  olei/era  Humb.        >  Brazil. 
^Asirocaryum  ruigare  Mart.  3 
^Guilielma  speciosa  Mart.,  New  Granada. 
*CEnocarpus  baccata  Mart.,  Guiana. 

*  "  Batava  Mart.,  Orinoco. 
*Acrocomia  sclerocarpa  Mart.,  Jamaica. 

35.  Graminxjg. 

Zea  mats  L. — maize  oil. 

36.  Cyperacea. 

Cyperus  escuUntus  L. — cyperus-grass  oil. 

II.  Animal  Fats. 

The  fats  of  the  animal  body  are  present  in  all  tissues  and 
organs,  and  in  all  fluids  except  normal  urine. 

The  most  fat  occurs  in  the  higher  classes  of  animals,  while 
in  the  lower  organisms  it  is  entirely  wanting. 

Enclosed  in  special  cells  the  fat  occurs  in  the  fatty  tissue, 
and  collects  in  larger  quantities  in  separate  parts  of  the  body ; 
certain  fluids  are  also  distinguished  by  their  richness  in  fat,  for 
instance,  milk. 

The  fats  penetrate  the  muscular  flesh  and  are  met  with  in 
large  quantities  especially  beneath  the  skin,  \n  the  eye-sockets, 
around  the  heart,  in  the  tissues,  in  the  abdominal  cavity,  in  the 
intestines,  in  and  around  the  kidneys,  and  m  the  cavities  of  the 
bones. 

At  the  normal  heat  of  the  animal  body — of  a  grown  healthy 
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human  being,  99.5°F.,  of  mammals,  96°  to  ioi.3°F.,  of  birds, 
103.1^  to  I09.4°F. — the  fat  is  always  fluid  and  oil- like. 

The  distribution  of  fat  in  the  various  animal  tissues  and 
fluids  is  shown  in  the  appended  table,  in  which  the  figures  indi- 
cate the  average  value  of  fat. 

Bone  marrow 96.00  per  cent.  ]  Liver 2w|0  per  cent. 

Fatty  tissue 82.70 

Spinal  marrow 23.60 

Brain  (white  substance)  . .  20.00 

Hen  egg 1 1.50 

Milk 4.50 

Muscles 3.30       ** 


If 
(I 

c< 
<l 

i< 


Bones    i  .50  ** 

Gall  1.40  " 

Blood 040  ** 

Saliva 0.02  " 

Sweat 0.001  " 


Since  all  animal  fats  can  be  technically  utilized,  it  has  been 
considered  unnecessary  to  group  the  various  fat-yielding  ani- 
mals together  according  to  families. 

III.    Determination  of  the  Content  of  Oil  and  the 

Value  of  Oil-Seeds. 

As  previously  mentioned,  in  plants  the  largest  content  of  fat 
is  found  in  the  seeds  and  fruits,  and  this  content  depends  upon 
the  manner  of  cultivation,  condition  of  the  soil,  manure, 
weather,  degree  of  ripeness,  etc.  The  content  of  fat  in  seeds 
and  fruits  is  in  an  inverse  ratio  to  that  of  sugar  and  starch :  the 
higher  the  content  of  fat  the  smaller  that  of  starch  and  sugar. 

Before  the  introduction  of  new  varieties  of  oil  seeds,  it  is  of 
great  importance  to  know  their  exact  content  of  fat,  this  being 
also  necessary  in  selling  and  buying  oil-seed,  because  the  price 
of  an  article  depends  on  the  content  of  its  principal  constituent. 
The  percentage  of  fat  is  rarely  determined  by  expressing 
larger  quantities  of  seed,  but  exclusively  by  extracting  smaller 
quantities  of  average  samples.  The  oldest  method  of  determin- 
ing the  percentage  of  fat  is  by  means  of  a  separatory  funnel — 
Fig.  I.  Ether,  petroleum-ether,  canadol,*  benzole  (rarely 
carbon  disulphide)  serve  as  solvents. 

♦  "  Canadol  "  is  the  term  applied  by  H.  Vohl  to  that  portion  of  the  volatile  hydro- 
carbons of  Pennsylvania  petroleum  which  boils  at  60^  C.  (140^  F.),  and  has  a  specific 
gravity  of  0.650  to  0.700. 
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Comminute  as  finely  as  possible  200  to  300  parts  by  weight 
of  the  oleaginous  seed  or  fruit  to  be  examined,  mix  thoroughly, 
and  put  10  to  20  parts  by  weight  into  the  separatory  funnel, 
previously  provided  with  a  tuft  of  cotton  or  a  filter.  Close  the 
cock,  pour  the  heated  solvent  upon  the  substance  and  allow  it 
to  stand  half  an  hour.  On  opening  the  cock  and  removing  the 
lid,  the  extract  is  discharged  into  the  distilling  flask.  The 
operation  is  repeated  until  the  fluid  running  ofl*  appears  color- 
less and  leaves  no  fat  stain  upon  white  paper.  When  rightly 
conducted,  about  40  parts  by  weight  of  solvent  are  required  for 
10  parts  by  weight  of  substance. 

After  connecting  the  flask  with  a  cooler,  the  solvent  is  dis- 

FlG.  I. 
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tilled  off.  The  residue  is  placed  in  a  tared  beaker-glass  and 
heated  in  a  water  bath  until  the  weight  remains  constant. 

The  content  of  fat  thus  found  is  somewhat  too  high  on  ac- 
count of  resin  and  coloring  matter  having  also  been  dissolved. 

This  method  of  extracting  with  the  separatory  funnel  has 
been  almost  entirely  abandoned.  There  are  now  a  number  of 
instruments  by  means  of  which  the  fat-holding  solvent  is  im- 
mediately vaporized  and  conducted  into  a  condenser,  so  that 
the  same  quantity  of  solvent  may  be  re-used  for  extracting  the 
fat. 
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The  oldest  and  very  excellent  instrument  is  that  of  Vohl 
(erroneously  called  oleometer) — Fig.  2. 

The  apparatus,  entirely  constructed  of 
^'^-  '-  glass,  consists  of  four  principal  parts,  the  ex- , 

tractor  A,  the  boiling  flask  J,  the  head  piece 
C,  and  the  condenser  D.  The  extractor 
consists  of  the  inside  tube  c  c  with  the  narrow 
tube  i  blown  in.  The  latter  communicates 
by  the  tube  o  with  the  boiling  flask  £.  On 
the  side  oi  c  c  is  the  tube  d,  in  which  o  is  in- 
serted by  means  of  a  cork,  o  runs  to  the 
bottom  of  £,  so  that  it  is  always  closed  by 
fluid.  On  the  other,  upper  side  of  c  c,  is  the 
tube  /,  in  which  is  the  tube  g  drawn  out  to  a 
very  narrow  opening. 

The  head  piece  C  connects  by  the  tube  h 
with  the  tube  b,  and  by  the  tube  i  with  /,  re- 
spectively with  the  wide  tube  c  c  ol  the  ex- 
tractor. It  further  connects  by  the  tube  k 
with  the  tube  of  the  condenser  D;  m  m  is 
open  on  top.  At  n  the  tube  /  is  reduced  to 
one-third  of  its  clear  diameter. 

The  apparatus  is  used  as  follows :  The  ex- 
tractor A  is  stoppered  at  d  with  a  loose  plug 
of  cotton,  and  the  tube  c  introduced  through 
a  perforated  cork.  The  seed,  previously 
crushed  and  weighed,  is  then  introduced  into 
the  tube  c  c  through  the  tubulure  /.  The 
seed  is  uniformly  distributed  with  a  spatula 
and  should  not  fill  c  c  more  than  seven- 
eighths.  The  extractor  is  then  connected 
by  the  tubes  c  and  o  with  the  flask  B.  Can- 
adol  is  now  poured  through  the  tubulure/ 
upon  the  substance  until  about  three-quarters 
inch  of  fluid  has  collected  in  B.  The  head 
piece  C,  with  the  condenser  D,  is  then  placed 
in  position  and  the  tube  m  m  lilled  with  cold  water  or  ice.   The 
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fluid  in  B  is  then  brought  to  the  boiling  point,  the  vapors  as- 
cending through  0  to  d,  and  condensing,  return  to  B  until  the 
contents  oi  c  c  have  acquired  the  temperature  of  the  boiling 
canadol.  The  vapors  then  ascend  through  h  into  the  head 
piece  Cy  where  they  are  at  first  completely  condensed ;  but 
later  on,  when  C  becomes  strongly  heated,  the  vapors  pass 
through  k  into  /,  where  they  are  completely  condensed  and 
then  return  through  the  tube  k  to  C. 

The  condensed  canadol  vapors  pass  through  i  and  the  tube 
y  into  Ay  and  finally  return  through  the  tube  c  to  B,  The  tube 
g  serves  for  the  discharge  and  introduction  of  atmospheric  air. 

Considerable  quantities  of  seed  can  be  extracted  in  this  man- 
ner by  the  use  of  comparatively  little  canadol. 

When  the  fluid  runs  oflf  clear  and  colorless  at  Cy  it  may  be 
assumed  that  the  seed  is  entirely  exhausted.  After  separating 
the  canadol  from  the  oil  by  distillation,  the  oil  is  weighed.  The 
specific  gravity  of  the  canadol  used  should  not  be  more  than 
0.66  to  0.68,  and  its  boiling  point  not  higher  than  122°  to 
1 40^  F. 

With  some  experience  the  determination  with  this  instrument 
can  be  conveniently  made  in  one  and  a  half  to  two  hours. 

With  frequent  and  many  determinations  of  oil,  the  distillation 
of  the  canadol  extracts  consumes  time,  requires  great  care,  and 
besides  it  is  necessary  to  procure  distilling  and  evaporating  ap- 
paratus, with  the  manipulation  of  which  not  every  one  is  con- 
versant. Vohl  has  therefore  endeavored  to  volumetrically 
determine  the  content  of  oil. 

The  specific  gravity  of  fat  vegetable  oils  is  considerably 
higher  than  that  of  the  canadol  used  for  extraction,  and  for  this 
reason  the  specific  gravity  of  the  canadol  extract  must  increase 
with  the  increase  in  the  content  of  fat  oil. 

Vohl  has  tested  mixtures  of  various  oils,  which  also  have 
different  specific  gravities,  with  canadol  as  to  their  specific 
gravity,  and  has  compiled  special  tables*  for  linseed  oil,  hemp 
oil,  poppy  oil,  walnut  oil,  almond  oil  and  grape-seed  oil. 

♦  Dingler's  Polyt.  Jour.,  CC,  413. 
VOL.  I — 2 
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These  tables  are  here  omitted,  because  the  above-mentioned 
number  of  oils  is  only  a  small  one,  and  the  specific  gravities 
refer  to  the  use  of  canadol  of  0.68  specific  gravity,  which  cannot 
always  be  had  in  commerce. 

Edward  Thorn's  Extractor.  This  apparatus  is  based  upon 
the  same  principle  as  Vohl's,  and  on  account  of  its  simplicity 
will  very  likely  supersede  the  latter.  It  renders  possible  an 
exact  and  rapid  execution  of  the  quantitative  analysis  of  seed, 
the  fat  being  directly  determined  by  means  of  the  extractive 
process,  or  indirectly  from  the  residue  exhausted  by  an  extrac- 
tive agent. 

The  apparatus  (Fig.  3),  constructed  entirely  of  glass,  con- 
sists of  the  flask  D,  the  funnel  T,  and  the  cooling  cylinder  K^ 
with  the  condensing  pipe  a  r. 

When  using  the  apparatus,  the  weight  of  the  flask  Z>,  prev- 
iously dried  at  230^  F.,  is  first  carefully  ascertained.  About 
20  cubic  centimeters  of  the  required  extractive  agent  (canadol, 
ether,  benzole,  carbon  disulphide,  etc.)  are  then  introduced. 
A  small  weighed  filter  is  placed  in  the  funnel  7",  and  after 
ascertaining  the  total  weight,  a  weighed  sample  of  the  substance 
to  be  analyzed  for  fat  is  brought  upon  the  filter.  The  funnel  is 
then  placed  in  the  flask  Dy  and  the  latter  clamped  into  a  stand, 
and  the  cooling  cylinder  K  inserted,  which  is  charged  with 
water  or,  if  necessary,  with  a  freezing  mixture.  When  working 
with  very  volatile  liquids,  the  tube  r  is  lengthened  by  inserting 
another  narrower  tube. 

By  now  heating  the  fluid  in  the  flask  Z?  in  a  water  bath,  the 
vapors  condense  in  the  bulbs  of  the  condenser,  and  from  there, 
as  soon  as  the  heat  somewhat  decreases,  flows  back  upon  the 
substance  in  the  funnel.  By  repeated  contact  with,  or  removal 
of,  the  source  of  heat,  this  process  is  maintained  until  the  ex- 
traction is  completed,  which  may  be  ascertained  by  removing 
the  funnel  and  allowing  a  drop  to  flow  upon  a  watch-glass. 
When  the  process  is  finished,  the  extracting  agent  is  driven  as 
much  as  possible  into  the  bulb  tube,  the  upper  orifice  of  which 
at  r  is  then  closed  with  the  finger,  when  it  may  be  removed 
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Fig.  3. 


THOJtN'S  EXTRACTION  AFFASATUS. 


with  most  of  the  liquid.     The  quantity  of  extractive  may  be 
ascertained  either  from  the  increase  of  weight  of  the  flask  D,  or 
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from  the  decrease  of  weight  of  the  funnel  T  with  contents,  dried 
in  either  case  at  230°  F.  ' 

Drechsel's  and  Soxhlet's  apparatuses  are  also  much  used. 

Drechsel's  Apparatus.  Fig.  4  with  a  Liebig  condenser  and 
Soxhlet's  apparatus,  Fig.  5,  with  an  upright  Hofmann  con- 
denser, or  still  better,  with  an  Allihn's  reflux  condenser.  Fig.  6. 


Fig.  J. 


In  the  first  apparatus  a  plug  of  cotton  freed  from  fat  serves 
as  filtering  material,  and  in  the  latter,  filter-paper  shaped  so  as 
to  form  a  cylindrical  case.  The  latter  is  formed  by  wrapping 
a  piece  of  filter  paper  twice  around  a  cylindrical  piece  of  wood 
of  a  somewhat  smaller  diameter  than  the  inner  width  of  the 
cylinder  A,  so  that  a  portion  of  the  paper,  corresponding  in 
length  to  the  piece  of  wood,  projects  above  the  end  of  the 
latter.  The  portion  thus  projecting  is  turned  down  like  clos- 
ing a  package  and  smoothed  by  vigorous  pressure.     Through 
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such  paper  case  the  ether  filters  as  clear  as  through  an  ordi- 
nary filter. 

For  the  extraction  in  the  laboratory  of  larger  quantities 
(7  to  10  ozs.)  of  seed,  Thorn's  copper 
extractor.  Fig.  7,  is  very  suitable.  It  is 
constructed  according  to  the  same  prin- 
ciple as  Thorn's  apparatus  described  on 
p.  18. 

Wegelirt-Hubner' s  apparatus.  Fig.  8,  is 
also  very  suitable  for  the  purpose;  it  is 
arranged  as  follows: 

The  lower  portion  B,  provided  with  ther- 
mometer E,  serves  as  a  parafRn  bath  and 
may  be  heated  with  gas  or  alcohol.  In  the 
bath  B  is  suspended  a  vessel  for  the  recep- 
tion of  the  extractive  agent,  and  in  this 
vessel  a  smaller  vessel  with  perforated  bottom,  or  provided 

Fie,  7, 


A,  iCitilUiig  cylinder;  B,  UHidenier;  C,  ulncring  noid. 

with  a  bottom  of  filter-cloth  for  the  reception  of  the  pulverized 
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seed  to  be  analyzed.  The  condenser  A  is  then  placed  in  posi- 
tion and  secured  by  three  screws.  The  vessel  is  double-walled 
and  so  arranged  that  the  interior  of  the  double  wall  communi- 
cates with  the  interior  of  B.     Into  the  middle  of  the  hollow 


space  at  /,  cold  water  is  admitted  which  runs  ofT  at  G,  While 
the  paraflin  bath  is  being  heated  to  the  required  temperature, 
the  cock  G  remains  closed.  The  extractive  agent  evaporates, 
ascends  in  the  condenser,  and  when  condensed  flows  back  upon 
the  substance.  The  fluid  impregnated  with  oil  passes  through 
the  filter-bottom  of  the  seed-holder  into  the  wider  vessel  sus- 
pended in  B,  where  the  extractive  agent  recommences  its 
circuit,  while  the  oil  remains  behind.  F\s  a  pressure  regulator. 
The  operation  is  finished  in  i  to  i  J^  hours,  when  the  water  is 
discharged  from  the  condenser  K.     The  cock  H  is  then  opened 
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and  the  fluid  distilled  through  the  condenser  C  into  the  re- 
ceiver D.  When  sufficiently  cooled  off,  the  apparatus  A  B  \s 
taken  apart  and  the  oil  weighed. 


In  the  examination  of  seed  as  to  its  constituents,  the  follow- 
ing points  have  to  be  taken  into  consideration  besides  the  con- 
tent of  fat  (extraction  with  canadol)  : — 

'   I.     Content  of  water ^  which  varies  between  5  and    10  per 
cent. 

2.  Substances  extractable  with  water,  such  as  sugar ^  gum 
and  mucilage^  which  amount  to  from  12  to  25  per  cent. 

3.  Resin  soluble  in  ether. 

4.  Cellulose  and  other  substances  insoluble  in  water  and  ether, 
which  amount  to  about  7  to  1 5  per  cent. 

5.  Content  of  ashy  which  is  between  3  and  12  per  cent. 


Calculation. 

Taking  as  a  basis  the  average  content  of  oil  in  seeds — which 
is  given  in  the  appended  table — and  the  current  price  which 
has  to  be  taken  as  a  standard  for  this  content  of  oil,  the  value 
of  an  oil-seed,  may  it  be  higher  or  lower  than  the  supposed 
standard  content,  can  be  readily  determined. 

Suppose  100  lbs.  of  colza  seed — Brassica  campestris — cost 
$3.75,  then  seed  containing  only  36.5  per  cent,  oil  will  be  worth 
less,  viz.,  according  to  the  following  formula : 

36.5  X  3»75  =  342 
40.00  ' 

or  33  cents  less. 

Of  course  in  this  calculation  only  the  content  of  oil  is  taken 
into  consideration  and  not  the  feed-value  of  the  seed-residue. 


The  appended  table  gives  the  extractive  content  of  fat  in 
oil  seeds  and  fruits  used  in  various  countries  or  occurring  in 
commerce,  as  well  as  of  fats  and  oils  partially  introduced,  or 
still  to  be  introduced. 

The  animal  fats  are  treated  of  in  nearly  the  same  order. 


ii 
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The  following  table  presents  a  general  view  of  the  seeds  and 
iniits  richest  and  poorest  in  oil : 


Names  of  Seeds  and  Fruits. 


Botanical  Name  of  Plants  from 
which  derived. 


Pan  nnts 

Caator  beans  

Hazel  nats 

?oppj  seed 

Almondsy  sweet 

Almonds,  bitter 

Cacao  seed 

Cadiew  nnts 

Peanuts   

Seauni  seed    

Radish  seed 

Walnuts 

Rape  seed  

Spnng  rape  

Fall  rape 

Tunip  seed 

Natmegs 

Mustard  seed,  white 

Weld  seed 

Hemp  seed 

Mustard  seed,  black 

Spurge  seed 

Fhun  kernels 

Charlock  seed 

Camelia,  or  German  scsam^  . . . . 

Linseed   

Cress  seed    

Beech  nuts 

Sonflower  seed    

Pompkin  seed 

Tbisde  seed 

Cotton  seed 

Oiire  kernels 

Apple  seed 

Gnpe  seed 

Vanilla 

Horsechestnut 

Maize 

Rye 

Wheat   

Biriey 

Mold 

Beer  yeast   


BerthoUetia  excelsa  

Ricinus  communis   

Corylta  avellana 

Papaver  somniferum  . . . . 
Amygdalus  communis  .  - . . 
Amygdalus  communis  .  • . . 

Thiobroma  cacao 

\Anacardium  occidentaU  . . 

Arachis  hypogaea 

Sesamum  orientate   

Raphanus  scUivus 

yugians  regia 

Brassica  campestris 

.Brassica  napus  oL  annua 
\Bra5sica  napus  ol.  biennis 
Brassica  rapa  oUifera . . . . 

Myristica  moschata 

Sinapis  alba 

Reseda  luteola 

Cannabis  sativa 

Sinapis  nigra 

\Euphorbia  laihyris   

Prunus  domestica 

I 

Sinapis  campes*ris 

Camelina  sativa    

Linum  usitatissimum  . . . . 

\Lepidium  sativum 

\Fagus  sylvatica 

Helianthus  annuus 

Cucurbita  pepo 

Onopordon  acanthium . .  • . 
Gossypium  herbaceum  . . . . 

Olea  europaea    

Pyrus  matus 

Vitis  vinifera 

Vanilta  aromatica 

Aescutus  hippocastanum  . . 

Zea  mais 

Secate  cereale 

Triticum  vutgare 

Nordeum  vu^re 

Penicitlium  glaucum  . . . .  < 
Cryptococcus  cerevisia  . . . 


Percentage 
of  Oil. 


661067 
50  to  65 
50  to  60 
48  to  50 
45  to  55 
40  to  50 

45  to  47 
40  to  50 
40  to  50 
40  to  50 
40  to  50 
40  to  50 

35  to  45 
35  to  40 
35  to  40 
35  to  40 
35  to  40 
30  to  35 
30  to  35 
30  to  35 
30  to  33 
25  to  30 
25  to  30 
25  to  30 
25  to  30 
25  to  30 
23  to  25 
27  to  29 
20  to  25 
20  to  25 
20  to  25 
15  to  20 

12  to  20 
12  to  15 
II  to  12 

6  to  10 

5  to  8 

6  to  8 
1.5  to  2 

2  to  2.5 

I  to  1.5 
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CHAPTER  III. 

FORMATION   OF  FATS  AND  OILS. 

The  investigations  regarding  the  formation  of  fats  in  the  cells 
of  plants  and  in  the  animal  body  may  be  considered  finished. 
In  the  plant  the  fat  is  formed  in  the  tissues  in  which  it  occurs, 
and  only  rarely  penetrates,  in  a  manner  not  known,  from  its 
place  of  production,  and  covers  the  organs  in  a  more  or  less 
dense  layer,  as,  for  instance  the  seeds  of  Stillingia  sebifera^ 
which  yield  the  Chinese  tallow  of  commerce. 

The  organic  substances  of  the  vegetable  kingdom  are  formed 
— ^with  the  frequent  co-operation  of  other  separate  inorganic 
elements,  such  as  nitrogen,  sulphur,  phosphorus,  etc. — from 
carbonic  acid  and  water,  oxygen  being  at  the  same  time 
separated. 

6CX),  ^ 5HOH ^      C,H,„  O5       ^  12O 


6  molecules  carbonic    5  molecules  water     i  molecule  starch     12  molecules  oxygen 
acid 

C.H„0,        ^         HOH         _         C,H,A 


I  molecule  starch     1  molecule  water     i  molecule  glucose 
i2CO^  ,  iiHOH  _      qgHgaOn       , 24O 


12  molecules  carbonic     ii  molecules  water     i  molecule  cane    24  molecules  oxygen 
acid  sugar 

The  conversion  of  the  carbo-hydrates,  such  as  starch,  etc., 
into  fat  is  physiologically  of  great  importance.  The  carbo- 
hydrates are  compounds  of  carbon  with  hydrogen  and  oxygen 
in  the  proportion  to  form  water.  From  the  chemical  stand- 
point the  formation  takes  place  as  follows : 

ioc;h„o.      _c,H5'"(C,hH„o,),^       5H0H ^  430 


10  molecules  glucose     i  molecule  stearin     5  molecules  water    43  molecules  oxygen. 

This  mode  of  formation  of  the  fats  also  corresponds  with  the 
fact  that  all  seeds  rich  in  fat,  for  instance,  rape  seed,  before 
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their  maturity  are  filled  with  starch  granules,  which  in  ripening, 
however,  disappear  in  the  same  degree  as  the  quantity  of  fat 
oil  increases ;  and  vice  versa^  in  the  germination  of  oil  seeds,  for 
instance,  rape  seed,  beech  nuts,  pine  seed,  etc.,  transitory 
starch,  which  very  soon  predominates  in  the  germinating  parts 
appears  in  a  few  days,  while  the  fat  oil  disappears. 

The  starch  in  the  chlorophyl-nucleus,  however,  is  not  directly 
produced  from  carbonic  acid  and  water,  but  according  to  the 
opinions  prevailing  at  present,  is  formed  in  the  green  chloro- 
phyl-granules  with  the  co-operation  of  sun  light,  first  from  car- 
bonic acid  =  C0»,  with  the  separation  of  oxygen,  carbon 
monoxide  =  CO,  which  by  the  absorption  of  2  atoms  of  hy- 
drogen from  split  water  is  converted  into  formaldehyde  CH,0. 


CO, 

0        = 

CO 

carbonic  acid 

oxygen 

carbon  monoxide 

=rCH,0 

HOH 

O        = 

HH 

I  molecule  formaldehyde 

water 

oxygen 

hydrogen 

By  the  influence  of  the  cell-activity  of  the  protoplasm  sev- 
eral molecules  of  the  formaldehyde  are  then  condensed,  and 
water  being  simultaneously  separated,  starch,  sugar  or  inulin 
— C«H,o05 —  is,  according  to  circumstances,  formed. 

By  the  condensation  of  6  molecules  formaldehyde,  CH,0, 
glucose,  or  with  the  separation  of  water,  starch  may  be  formed. 

6CH,0      ^        y^«A_  __ 

t  molecules  formaldehyde       i  molecule  glucose 
6CH2O  C„H,o05  ,  H,0 


-+■ 


6  molecules  formaldehyde       i  molecule  starch       i  molecule  water. 

The  decomposition  of  glucose  to  fat  or  stearin  may  now  be 
supposed  to  take  place  in  the  manner  above  indicated,  or  else 
that  by  the  condensation  of  formaldehyde  — CH,0 —  not  only 
starch  and  glucose,  but  also  glyceric  and  fatty  acids  may  be 
formed. 

By  treble  condensation  this  aldehyde  in  the  presence  of 
hydrogen  may  yield  glycerin  — CsHs^'^COH),,  and  from  the 
latter  by  condensation  under  reducing  influence,  oleic  acid  and 
stearic  acid  may  be  formed. 
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3CH,0  2H  C.H4'"(OH), 


3  molecules  formaldehyde      hydrogen  glycerin 

C,8H„0„        HOH         loO         C.^H^.CO.OH 


hexaglycerin      water       oxygen  stearic  acid 

Cj^Ha^O,!,        2HOH  _      9O    _  C^tHm.CO.QH 
hexaglycerin       water        oxygen  oleic  acid 

C,H5(OH),      (C,Hm.CO.OH.)  ^  3HOH      (C„HM.C0O).C.Ht 
glycerin  oleic  acid  water  olein. 

This  hypothesis  is  fully  justified  by  the  fact  that  in  the  plants 
the  fatty  acids  are  always  fixed  on  glycerin. 

Pringsheim,  according  to  a  method  of  his  own,  which  he 
calls  **  microscopic  photo-chemistry/'  has  shown  that  in  an  in- 
tense light,  by  means  of  a  heliostat  and  a  lens  of  60  millimeters 
diameter,  the  chlorophyl  is  entirely  destroyed,  that  this  destruc- 
tion takes  place  in  all  colors:  red — ^behind  a  solution  of 
iodine  in  bisulphide  of  carbon ;  green — ^behind  a  solution  of 
copper  chloride,  and  blue — behind  a  solution  of  cupric  sul- 
phate, and  that  a  peculiar  body  previously  not  known  is  found 
in  the  vegetable  cell.  To  this  body,  called  kypochlorin  by 
Pringsheim,  the  term  chlorophyllan  has  later  on  been  applied. 
To  make  it  appear  it  is  only  necessary  to  place  a  chlorophyl- 
green  tissue — no  matter  of  which  division  of  phenogamic  or 
cryptogamic  plants — in  dilute  hydrochloric  acid  for  about  12  to 
24  honrs.  The  hypochlorin  then  appears  in  the  form  of  very 
minute,  viscous  drops,  becoming  larger  by  accumulation,  or  in 
masses  of  semi-liquid  consistency,  which  gradually  form  into 
indistinct  nests,  and  finally  grow  into  indistinct  crystalline  nests. 
According  to  all  micro-chemical  characteristics,  this  body  is 
an  oil-like  substance  impregnating  the  elementary  matter  of 
the  chlorophyl  bodies.  It  is  soluble  in  alcohol,  ether,  oil  of 
turpentine  and  benzole,  and  insoluble  in  water  and  salt  solu- 
tions. 

Of  all  the  constituents  of  the  cell,  hypochlorin  is  most  readily 
combustible  in  light  and  oxygen ;  in  the  presence  of  oxygen  it 
is  even  sooner  consumed  by  an  intense  light  than  the  chloro- 
phyl itself.     From  the  ordinary  intensities  of  light  under  which 
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plants  grow,  the  hypochlorin  is  sufficiently  protected  by  the 
chlorophyl.  The  latter  is  a  porous  body,  in  the  pores  of  which 
the  hypochlorin  and  oil  are  collected.  It  is  certain  that  the 
hypochlorin  is  closely  connected  with  the  fat,  volatile  and  wax- 
like bodies,  and  since  many  seeds  at  an  early  stage  contain 
chlorophyl,  a  small  portion  of  their  fats  may  not  improperly 
be  considered  a  direct  product  of  assimilation.  It  is  also 
certain  that  on  account  of  their  inability  to  pass  membranes 
moistened  with  water,  the  fats  cannot  flow  from  the  plant  to 
the  seed,  and  must,  therefore,  be  formed  from  substances 
present  in  the  seed  itself. 

In  the  vegetation  of  fungi — mold,  yeast,  etc. — fat,  according 
to  Carl  V.  Naegeli's  investigations,  may  be  produced  in  a  simi 
lar  mapner,  as  in  the  animal  body,  by  the  splitting  or  decom- 
position of  albuminous  substances,  since  with  a  constant 
quantity  of  cellulose  the  quantity  of  fat  increases  from  1 8  to  50 
per  cent.,  while  the  quantity  of  cellulose  decreases  from  42  to 
16  per  cent.  Hoppe-Seyler,  more  than  30  years  ago,  con- 
sidered this  mode  of  the  formation  of  fat  in  plants  and  animals 
probable  in  opposition  to  Liebig's  theory  prevailing  at  that 
time,  which  ascribed  the  formation  of  animal  fat  to  the  conver- 
sion of  the  carbo-hydrates  of  the  nutriment. 

According  to  the  more  recent  investigations  of  C.  Voit  and 
others,  the  formation  of  the  animal  fat  has  to  be  sought  for  not 
in  the  carbo-hydrates,  but  in  the  albumen  subject  to  change  of 
substance.  The  albuminous  substances  of  the  nutriment  furnish 
nearly  the  sole  material  for  the  new  formation  of  fat,  and  espec- 
ially the  portion  of  the  dissolved  albuminous  substances  which 
is  decomposed  in  the  body  by  oxidation  and  split  into  urea, 
creatin,  uric  acid,  etc.,  fat,  carbonic  acid  and  water  being 
separated. 

According  to  Henneberg,  100  parts  of  anhydrous  albumin 
may  yield  by  splitting  33.5  parts  urea  and  51.4  parts  fat. 

2(C„H„,N,A.      _^_  J390  _      i8CO(NH,),     ^ 


2  molecules  albumin       139  molecules  oxygen       18  molecules  urea 

(CpH,5COO),CW'i   . ^CO  ■  21HOH 

stearin  69  molecules  carbonic  acid        21  molecules  water* 
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The  urea  is  removed  from  the  blood  by  the  kidneys  and 
separated  with  the  urine,  while  the  fat  formed  by  the  decompo- 
sition of  the  albumin  serves  for  augmenting  the  fat  of  the  body. 

The  theory  of  the  formation  of  animal  fat  from  albuminous 
substances  is  further  sustained : 

1.  By  the  formation  of  adipocire  in  dead  animal  bodies,  this 
fat  occupying  in  the  body  all  former  soft  parts  and  occasionally 
showing  still  the  form  of  the  former  tissue-  parts ;  hence  the 
albuminous  substances  of  the  muscles  have  been  converted  into 
fat. 

2.  If  pulverized  meat  carefully  freed  from  fat  by  repeated 
boiling  with  ether  is  subjected  to  putrefaction,  higher  fatty 
acids — oleic  acid — amounting  to  3  per  cent,  of  the  dry  albumi- 
nous substance  are  formed.  Serum-albumin  subjected  to  pu- 
trefaction also  yields  considerable  quantities  of  fatty  acid. 

3.  By  the  absolute  increase  in  the  content  of  fat  of  the  heart 
in  the  fatty  degeneration  of  the  latter  with  considerable  general 
emaciation. 

4.  Under  other  pathological  conditions  fat  in  large  quantities 
is  formed  and  accumulates  in  the  body;  for  instance,  in  fatty 
degeneration  of  the  liver,  obesity,  etc. 

It  is  certain  that  albuminous  substances  as  well  as  carbo- 
hydrates assist  in  the  formation  of  fats  and  oils  in  the  vegetable, 
as  well  as  the  animal  body. 

5.  By  the  fact  that  cows  fed  on  fodder  rich  in  albuminous 
substances  yield  milk  richer  in  fat. 

6.  By  observations  regarding  the  ripening  of  cheese,  which 
have  shown  that  the  chemical  process  taking  place  thereby  is 
characterized  by  constant  considerable  augmentation  of  fat,  and 
decrease  of  casein. 


Utility  and  Uses  of  Fatty  Bodies. 

The  functions  of  the  fat  in  organisms  are  of  various  kinds,  it 
possessing 

I.  An  anatomico-mechanical  function  since  it  accumulates  in 
the  form  of  the  so-called  fatty  tissue,  arfd  serves  as  a  bolster. 
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cushion,  and  distributer  of  pressure ;  further  for  filling  up  empty 
spaces. 

2.  A  physico-physiological  function,  since  it  possesses  but 
slight  capacity  for  conducting  heat,  counteracts  the  radiation  of 
heat  from  the  animal  body,  and  makes  the  parts  of  the  body 
supple. 

3.  A  chemico-physiological  function.  By  the  activity  of  the 
animal  cells  the  fats  in  the  body  are  readily  oxidized  and  con- 
sumed to  carbonic  acid  and  water.  They  thus  form  one  of  the 
most  important  means  of  respiration,  and  furnish  the  principal 
material  for  excitation  and  maintenance  of  the  animal  heat. 
(The  heat  produced  in  the  body  of  a  healthy  person  by  the 
introduction  of  nutriment,  especially  of  the  fat,  during  twenty- 
four  hours,  if  it  remained  in  the  body  and  were  not  yielded  to 
the  exterior,  would  suffice  to  raise  the  temperature  of  the  body 
during  this  time  to  121°  F.  The  heat  produced  in  the  course 
of  one  year  would  suffice  to  heat  200  to  250  cwt.  of  water  from 
the  freezing  point  to  the  boiling  point.) 

There  can  be  no  doubt  of  the  great  importance  of  fat  for  the 
nourishing  processes,  but  a  thorough  comprehension  of  the 
causal  circumstances  is  still  wanting.  Virtually  there  are  two 
facts  which  may  be  considered  settled.  The  alimentary  fat,  as 
far  as  it  passes  into  the  fluids  of  the  body,  on  the  one  hand, 
serves  directly  for  replacing  the  fatty  tissue  consumed  in  the 
processes  taking  place  in  the  change  of  matter;  and,  on  the 
other,  it  must  be  considered  an  excellent  economic  agent,  since 
by  its  introduction  the  consumption  of  the  albumen  of  the  body 
is  reduced  to  a  far  greater  degree  than  is  the  case  with  the  in- 
troduction of  the  same  quantity  of  carbo-hydrates  or  gelatin. 

It  has  been  shown  that  the  alimentary  fat  is  directly  assimi- 
lated, /.  e,  enters  directly  as  such  into  the  fatty  body  and  serves 
for  direct  augmentation.  Thus  the  fat  and  meat  of  chickens, 
pigeons,  ducks,  geese,  etc.,  acquires  a  varnish-like  odor  and 
taste  when  these  animals  are  fed  with  linseed.  The  lard  of 
hogs  fed  with  linseed  cake  acquires  a  similar  taste  and  odor, 
and  that  of  hogs  fed  on  fishes,  a  train-oil  taste  and  odor. 
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However,  the  properties  of  the  fats  are  also  changed,  they 
acquiring  properties  of  the  alimentary  fat  as  has  been  shown 
in  lard.  This  behavior  is  of  great  importance,  and  has  to  be 
taken  into  consideration  in  examining  samples  of  fat — see  cot- 
ton-seed oil  and  lard. 

The  digestion  of  the  fats  is  eflFected  by  the  gastric  juice  and 
the  gall.  The  resorption  of  the  alimentary  fat  in  the  intestinal 
canal  takes  place  as  neutral  fat  in  the  form  of  an  emulsion,  or 
after  previous  splitting  by  the  pancreatic  fluid  into  fatty  acids 
and  glycerin.  The  alkalies  combine  with  the  fatty  acids  to 
soaps,  the  latter  at  the  same  time  converting  the  undecomposed 
fat  into  an  emulsion.  This  emulsion  by  the  activity  of  the  in- 
testinal epithelium  passes  into  the  entrances  of  the  chyle  ducts 
which  are  anatomically  connected  with  the  epithelium.  In  this 
manner  the  resorption  of  soaps  and  non-saponified  fat  is  effected, 
the  process  being  very  likely  promoted  by  the  gall. 

The  fats  are  of  great  importance  in  the  household,  in  the 
trades,  arts,  medicine,  etc.  In  the  latter  they  serve  for  the  pre- 
paration of  salves,  most  of  which  are  a  mixture  of  oil,  lard  and 
wax,  or  of  tallow,  lanolin,  etc.,  with  additions;  further  for 
plasters,  pomades,  etc. 

.  For  a  long  time  it  was  the  general  belief  that  each  variety  of 
fat  possessed  special  medicinal  properties  and  powers,  and 
various  fats  were  used  for  different  diseases,  but  it  is  scarcely 
necessary  to  say  that  this  old  belief  has  been  exploded.  All 
fats  and  oils,  when  thoroughly  purified,  have  the  same  proper- 
ties. There  are  but  a  few  oils  which  possess  special  proper- 
ties, for  instance,  castor  oil  and  croton  oil,  which  serve  as  a 
purgative,  and  cod-liver  oil  which,  on  account  of  its  content  of 
acid  and  small  content  of  iodine,  is  used  as  remedy  for  scrofula 
and  pulmonary  consumption. 

In  the  trades,  oils  and  fats  serve  for  the  manufacture  of  soap 
and  varnishes,  further  for  coating  a  number  of  bodies  to  render 
them  softer,  smoother,  or  more  flexible,  or  to  protect  them 
from  the  action  of  the  air.  They  are  also  used  as  lubricants 
for  machines,  in  the  preparation  of  cements,  etc. 


CHAPTER  IV. 

PHYSICAL     PROPERTIES     OF    FATS    AND     OILS    AND     PHYSICAL 

EXAMINATIONS — GENERAL  PHYSICAL   PROPERTIES 

OF   FATS,    OILS   AND   WAXES. 

To  the  general  physical  properties  of  fats,  etc.,  belong  only 
those  which  can  be  perceived  by  the  senses,  viz. :  Color ^  odor^ 
taste — organoleptic  method  of  examination ;  further  specific 
gravity,  consistency y  freezing  pointy  melting  pointy  congealing 
pointy  and  finally  drying  of  oils. 

The  organoleptic  method  is  an  individual  method,  but  can 
be  cultivated,  the  best  examples  being  experienced  oil-dealers 
and  wine-merchants.  The  characteristic  odor  and  taste  of  an 
oil,  etc.,  may  sometimes  be  more  plainly  brought  out  by  very 
gently  heating  the  oil  in  a  dish  with  dry  chloride  of  sodium 
(common  salt),  or  in  a  test  glass  in  a  steam  bath.  The  recog- 
nition of  colors  is  also  a  matter  of  perception  as  well  as  of 
practice. 

Odor,  Cold-pressed  fats  and  oils  in  a  pure  and  fresh  state 
are  nearly  all  inodorous,  though  there  aret^some  exceptions,  as 
palm  oil,  which  has  an  agreeable  odor  of  orris  root,  cacao  but- 
ter, with  an  odor  of  the  cacao  seed,  nutmeg  butter  with  an  odor 
of  nutmegs,  etc.  Train-oils  have  a  fishy  smell.  In  time  all 
fats,  however,  acquire  a  disagreeable  odor. 

Taste,  Most  fats  and  oils,  when  first  placed  upon  the  tongue, 
have  no  taste,  their  presence  being  perceptible  only  by  their 
lubricity,  but  later  on  the  mild  and  agreeable  taste  of  the  fresh 
parts  of  the  plants  is  developed.  Some  fats,  however,  are  re- 
markable for  their  pungent  taste,  for  instance,  carapa  fat  which 
is  bitter,  and  the  train-oils  with  a  strong  fishy  taste. 

The  disagreeable  taste  of  rancid  fats  is  well  known. 

(40) 


PHYSICAL  PROPERTIES   OF   FATS   AND   OILS.  4I 

Rancidity  is  in  most  cases  due  to  an  oxidation  of  the  fats 
which  progresses  at  first  slowly,  but  more  rapidly  later  on. 
The  fats  split  first  into  free  fatty  acids  and  glycerin,  and  by 
the  absorption  of  oxygen  various  volatile  fatty  acids — propi- 
onic, butyric,  valerianic,  caproic,  etc.,  acids — are  formed  from 
the  glycerin  and  free  fatty  acids,  especially  from  oleic  acid, 
which  impart  to  the  rancid  fats  their  characteristic  odor  and 
taste. 

Based  upon  experimental  investigations  and  observations,  E. 
Ritsert,  in  1890,  established  the  fact  that  the  rancidity  of  oils 
and  fats  is  caused  by  a  direct  process  of  oxidation  which  pro- 
gresses  the  more  rapidly  the  greater  the  intensity  of  light  to 
which  the  oil  or  fat  is  at  the  same  time  exposed.  Light  alone, 
in  the  absence  of  air  or  oxygen,  does  not  possess  the  power  of 
making  fat  rancid. 

In  the  dark,  even  with  the  admission  of  air,  pure  fat  does 
not  become  rancid  in  two  months.  The  carbonic  acid  of  the 
air  exerts  a  slight  influence,  relatively  small  quantities  of  it  be- 
ing absorbed  by  the  fat  in  the  dark  as  well  as  in  the  light. 
However,  carbonic  acid  does  not  make  fat  rancid,  but  only  im- 
parts to  it  a  tallow- like  taste. 

Fats  do  not  become  rancid  by  bacteria,  the  action  of  fer- 
ments, or  of  moisture. 

Inoculated  bacteria  die,  and  though  they  may  exist  upon 
rancid  fat  they  perish  in  the  presence  of  too  much  free  fatty 
acid,  for  instance,  upon  old  palm  oil. 

To  prevent  fats  from  becoming  rancid  the  first  condition  is, 
according  to  E.  Ritsert,  the  absolute  exclusion  of  air.  When 
this  requirement  has  been  fulfilled  it  does  not  matter  whether 
the  fat  is  exposed  to  the  light  or  not.  In  the  practice  such  ex- 
clusion of  the  air  is,  however,  not  practicable. 

By  treatment  with  water  and  bicarbonate  of  soda  the  rancid 
taste  and  odor  of  oils  and  fats  can  be  partially  removed. . 

Changes  by  exposure  to  the  air.  Oils  and  fats  absorb  oxygen 
the  more  rapidly  the  greater  the  surface  they  present  to  the  air. 

The  heat  which  is  liberated  in  consequence  of  chemical  com- 
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bination  may,  with  bad  conductors,  for  instance  wool  or  cotton 
waste  saturated  with  oil  and  stored  in  large  quantities,  become 
so  great  as  to  cause  spontaneous  combustion. 

Simultaneously  with  the  absorption  of  oxygen  and  constant 
yield  of  carbonic  acid,  various  vegetable  oils  lose  their  trans- 
parency, and  finally  dry  to  a  translucent,  flexible,  yellowish 
substance,  dissolving  with  difficulty  in  boiling  alcohol.  Such 
oils  are  called  drying  or  siccative  oils. 

The  non-drying  oils  also  are  more  or  less  changed  by  the 
action  of  the  air.  They  acquire  a  different  color,  become  den- 
ser and  more  viscous,  less  readily  combustible,  and  carbonize 
the  wicks. 

Color.  In  a  fresh  state  most  oils  are  only  slightly  colored, 
castor  oil  being  the  palest.  Generally  speaking  the  color  is 
yellowish  or  greenish,  like  that  of  hemp  oil ;  train  oils  are  red- 
dish or  brownish.  The  fats  are  generally  white,  cocoanut  butter 
and  piney  tallow  being  pure  white ;  only  a  few  vegetable  fats 
show  a  pronounced  coloring. 

Fresh  palm  oil  is  orange-yellow,  the  color,  however,  becom- 
ing gradually  paler,  so  that  by  the  time  the  oil  has  become 
rancid  it  has  acquired  a  dirty  white  color.  Fresh  palm  oil 
from  Astrocaryum  vulgare  has  a  vermilion  color,  which  loses 
nothing  in  intensity  even  after  many  years. 

Solubility  of  fats  and  oils  in  water  ^  alcohol^  glacial  acetic  acid, 
etc.  Fats  and  oils  are  generally  supposed  to  be  entirely  inso- 
luble in  water.  This  is,  however,  not  the  case,  they  only  dis- 
solving with  extreme  difficulty.  By  vigorously  shaking  fresh 
purified  oil  with  water  for  some  time,  a  minute  quantity  of  fat 
can  be  extracted  from  the  water  with  ether.  And  just  as  traces 
of  fat  oil  are  soluble  in  water,  so  oils  also  disolve  traces  of  water 
which  evaporate  at  a  moderate  heat.  Fat  oils  may  take  up  as 
much  as  y^  per  cent,  of  water  without  appearing  turbid. 

Fats  and  oils  are  readily  soluble  in  ether,  chloroform^  carbon 
disulphidCy  essential  oils,  benzole,  petroleum,  petroleum-ether, 
amy  I  alcohol,  acetone,  carbolic  acid,  etc.  Tea- seed  oil  and  camel- 
lia oil  dissolve  with  great  difficulty  in  ether.     Castor  oil  is  al- 
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most  insoluble  in  petroleum,  petroleum-ether  and  heavy  petro- 
leum. With  7  volumes  petroleum  or  i8  volumes-  petroleum- 
ether,  lo  volumes  of  castor  oil  give  clear  mixtures ;  however, 
every  further  addition  causes  turbidity,  and  later  on  separation 
into  two  clear  fluids.  Petroleum  absorbs  only  0.460  per  cent, 
of  castor  oil,  and  petroleum-ether  0.490  per  cent.  Castor  oil 
and  olive-kernel  oil  are  miscible  in  all  proportions  with  alcohol. 
Pine  seed  oil  dissolves  in  equal  parts  of  alcohol  to  a  clear  fluid ; 
with  a  larger  addition  the  mixture  becomes  turbid,  only  i  part 
of  the  oil  dissolving  in  12  parts  of  alcohol.  In  cold  alcohol  of 
0.800  specific  gravity  =  99  per  cent.,  the  rest  of  the  oils  dis- 
solve with  difficulty  or  are  next  to  insoluble,  for  instance,  can- 
dle nut  oil,  tea  seed  oil ;  in  boiling  alcohol  they  are  more  or 
less  readily  soluble.  The  appended  table  gives  the  quantities 
of  alcohol  which  dissolve  i  part  of  oil : 

Solubility  ok  Fats  and  Oils  in  Alcohol  of  0.800  Specific  Gravity. 


Names  of  Fats 
or  Oils. 


Alcohol. 


Cold.        Boiling. 


Almond 60 

Cacao — 

Camelia '  68 

Cod  liver 45 

Cotton  seed 75 

Croton ,  36 

Dolphin — 

Hemp 30 


Japanese. 


15 

4 


in  every 
proportion. 

3 


Alcohol. 


Names  of  Fats 
or  Oils. 


Cold. 


Lard !  — 

Linseed 40 

Madia ,  30 

j  I  Nut ,  100 

;  i  Nutmeg ,  — 

Poppy 25 

Suet  (ox  tallow V  ..  — 

Tallow  (sheep). ..  — 


Boiling. 


27 

5 
6 

60  alcohol 

3=  100  oil 

4 
6 

40 
45 


too  Parts  Alcohol  Dissolve  of 
Butter 1.80  per  cent.    Pollock  oil 3.40  per  cent. 


Cod  liver  oil 0.27 

Colza  oil 0.53 

Grape  seed  oil 0.67 

Lard 1.00 

Linseed  oil 0.65 

Margarin 0.30 

Niger  oil i.oo 

Olive  oil 0.38 

Peanat  oil 0.52 


« 


(( 


u 


<« 
u 


« 


t( 


<« 


l« 


Rape  seed  oil 0.38 

Seal  oil 0.50 

Sesam6  oil 0.45 

Shark  oil 10.00 

Suet  (ox  tallow) 0.67 

Sunflower  oil 0.62 

Tallow  (sheep) 0.25 

Walrus  oil 1.00 
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Dubois  and  Fade  have  determined  the  solubility  of  some  fats 
and  fatty  acids  in  various  solvents,  and  obtained  the  following 
results : 

Solubility  of  some  Fats  in  Alcohol  and  Am\x  Alcohoi- 


Solubilty  at  53.6^  F.  in  100  parts. 


Fats. 


Alcohol  =  0.794 
sp.  gr. 


Butter I  1.803  parts 

Lard 1,064     " 

Margarin 0.300     ** 

Suet  (ox  tallow) '  0.679     *' 

Tallow  (sheep) 0.307     '* 

Veal  fat 0.945     '* 


Amyl  alcohoL 


2.33  parts. 
1.60     « 

0.39 
0.80 

0.45     " 

1.26 


•< 


M 


Solubility  of  some  Fatty  Acids  in  Alcohol  and  Benzol. 


Fatty  Acids  (crude)  from 


Solubility  in  100  parts. 


Alcohol  =  0.794  sp.  gr. 


BenzoL 


32°  F. 


50°  F. 


78.8°  F.  53.6°  F. 


Butter !  10.61  parts. 

Lard 5.63 

Margarin '  2.37 

Suet  (ox  tallow) '  2.5 1 

Tallow  (sheep) 2.48 

Veal  fat 5.00 


24.81  parts. 

158.20  parts. 

69.61  parts. 

11.23     " 

118.98     " 

27.30     " 

4.94     " 

1    46.06     " 

15.89     « 

6.05     " 

8323     " 

5.02     •* 

,    67.96     « 

14.70     " 

13.78     " 

137.10     " 

26.08     «« 

Most  fats  and  oils  are  more  or  less  soluble  in  glacial  acetic 
acid=  1.0562  specific  gravity,  rosin  oil  being  readily  soluble  and 
mineral  oil  very  sparingly,  and  according  to  their  solubility  in 
this  solvent  E.  Valenta  has  brought  the  oils  into  three  groups : 

I.  Oi/s  completely  soluble  at  the  ordinary  temperature  (59°  to 
68°  F.) :  Castor  oil,  olive  kernel  oil. 

II.  Oils  completely  or  nearly  completely  soluble  at  temperatures 
from  73.40  F,  to  the  boiling  point  (244.40°  F.)  of  glacial  acetic 
acid:  Almond  oil,   apricot  kernel  oil,  bone   oil,  cacao  butter, 
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cocoanut  oil,  cod-liver  oil,  cotton-seed  oil,  Illipe  butter,  laurel 
oil,  nutmeg  oil,  olive  oil,  palm  oil,  palm  kernel  oil,  peanut  oil, 
pumpkin  seed  oil,  suet  (ox  tallow),  sesame  oil. 

III.  Incompletely  soluble  at  the  boiling  temperature  of  glacial 
acetic  ncid:  Rape  seed  oil,  turnip  seed  oil,  wild  radish  seed 
oil  (oils  of  cruciferous  plants). 

The  experiments  are  made  by  intimately  mixing  in  a  test- 
tube  equal  volumes  of  oil  and  glacial  acetic  acid,  and  exposing 
the  mixtures  to  various  temperatures. 

To  distinguish  the  oils  of  the  second  group,  equal  volumes 
of  oil,  etc.,  and  glacial  acetic  acid  in  a  test-tube  are  slowly 
heated,  with  shaking,  until  a  perfectly  clear  solution  results. 
The  solution  is  then  allowed  to  cool,  and  with  the  assistance  of 
a  thermometer  placed  in  the  fluid,  the  temperature  is  deter- 
mined at  which  the  clear  solution  commences  to  get  turbid. 

A  hot  solution  of  equal  volumes  of  the  following  oils  and 
glacial  acetic  acid=i.os62  specific  gravity,  becomes  on  an 
average  turbid  at : 


Name  of  Oil. 


C. 


OF. 


Almond  oil 

Apricot  kernel  oil  . . 

Bone  oil 

Cacao  butter 

Cocoanut  oil 

Cod^lirer  oil 

Cotton-seed  oil '     no 

lUipi  butter 64.5 

Laurel  oil 26  to  27 


no 

114 

901095 

105 

40 

lOI 


230 

237-2 

194  to  203 

221 

104 
213.8 
230 
148 

78.8  to  8c.6 


Name  of  Oil.        '  ^  C. 

Nutmeg  oil 27 

Olive  oil,  green 85 

"      yellow  ....  I  III 

Palm  oil 23 

Palm  kernel  oil |  48 

Peanut  oil 112 

Pumpkin  seed  oil.  - . ;  108 

Sesam^  oil '  107 

Suet  (ox  tallow) ....  95 


80.6 
231.8 

1 1 8.4 

2336 
2264 
224.6 
203 


However,  the  practical  value  of  Valenta's  glacial  acetic  acid 
test  is  apparently  not  very  great,  since  considerable  discrepan- 
cies exist  between  the  results  of  his  experiments  and  those  of 
others,  the  following  values,  for  instance,  having  been  obtained 
by  A.  H.  Allen*  and  G.  H.  Hurst  :t 


*  Commercial  Organic  Analysis.    Vol.  2,  p.  26. 
t  Joum  Soc.  Chem.  Industry,  1887,  p.  22. 
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Oil. 


Valenta. 


Almond.  . . . . 
Bottlenose . .  < 
Butter  fat  . . 
Cacao  batter. 
Cocoanut.  . . . 


Cod-liver 

Cotton-seed . . . 
Illip6  butter  . . 

Lard 

Lard  oil 

Laurel 

Linseed 

Melon  seed.  . . 
Menhaden .... 
Neat's  foot  . .  • 
Niger  seed.... 
Nutmeg  butter 
Oleomargarin . 
Olive  (green) . 
"  (yellow). 
Palm 


Palm  kernel 

Peanut 

Porpoise 

Sesam^ 

Shark  liver 

Sperm 

Suet  (ox  tallow) 

Tallow,  pressed 

Tallow  oil,  cold  pressed 
Whale  oil 


230 


221 

104 

213.8 
230 
148. 1 


78.8-80.6 
226.4 

80.6 

231.8 
73.4 

1 184 
233-6 

224.6 


203 
237.2 


Hurst. 
OF. 


104 
134.6-165.2 

147.2 
215.6 
120.2 
102.2 
205.9 


1814 

89.6 
188.6 
104 
188.6 

221 
2084 


IOO4-186.8 


1 65.2-1 83.2 

not  turbid 
at  554 

H9 
1274-1454 

156.2-168.8 


149-185 


I   824-168.8 

not  turbid 
at  55-4 

161.6-197.6 


203 
185 


1 1 6.6 
1 1 8.4-1 59.8 


Sulphur,  selenium,  and  phosphorus  are  dissolved  by  oils,  the 
dissolving  capacity  being  increased  by  heat.  On  cooling,  a  por- 
tion of  the  dissolved  substances  re-separates,  however,  in  a  crys- 
talline form. 

Basic  copper,  (verdigris)  and  lead  salts,  etc.,  are  also  sol- 
uble in  oils,  and  further,  vegetable  alkaloids,  such  as  morphine, 
cinchonine,  strychnine,  etc. 

Cow  milk  is  a  natural  emulsion ;  it  appears  turbid  because 
the  fat — butter — floats  in  invisible  globules  in  the  casein  solu- 
tion. By  standing  the  greatest  portion  of  the  fat  separates  on 
the  surface  and  forms  the  so-called  cream. 
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Oils  shaken  with  alkaline  carbonates  also  yield  an  emulsion 
which,  under  the  name  of  **  white  bath/*  is  used  in  dyeing 
Turkey-red. 

Capillarity, — Fixed  oils  dropped  upon  paper  penetrate  it, 
making  it  transparent  or  causing  what  is  commonly  called  grease 
stains,  which  do  not  disappear  on  heating.  Even  fats  with  a 
comparatively  high  melting  point  cause  stains  when  heated. 

Fats  penetrate  porous  substances  such  as  wood  and  leather 
with  avidity,  imparting  to  the  latter  a  certain  degree  of  softness 
and  pliancy.  They  also  penetrate  readily  the  various  clays  and 
similar  mineral  substances,  such  as  magnesia,  etc.  This 
property  is  utilized  to  remove  grease  stains  from  paper,  wood, 
cloth,  marble,  etc.,  by  the  application  of  a  paste  of  pipe-clay, 
fuller's  earth,  or  magnesia  and  water,  or  alcohol  or  benzol.  In 
drying  the  paste  absorbs  the  fatty  substance.  The  process  of 
fulling  cloth  is  also  based  upon  this  property. 

Consistency  and  viscosity. — At  an  ordinary  temperature  the 
vegetable  fats  are  fluid  on  account  of  their  large  content  of 
olein,  the  exceptions  being  cocoanut  oil,  palm  oil,  cacao  butter, 
nutmeg  butter,  Chinese  tallow,  laurel  butter  (bayberry  fat),  etc., 
which  by  reason  of  their  content  of  palmitin,  possess  the  con- 
sistency of  butter.  The  fats  from  tropical  regions  are,  as  a  rule, 
more  solid  than  those  from  cold  countries. 

The  fat  of  animals  fed  on  straw  and  hay  is  more  solid  than 
that  of  pastured  stock,  it  containing  a  preponderance  of  stearin. 

The  fat  of  carnivorous  animals,  dog  fat,  and  the  fat  of  birds 
(goose  fat)  is  soft,  also  human  fat,  lard,  butter  and  horse  grease 
(from  the  neck  of  the  horse). 

The  fat  of  fishes  (train  oil,  liver  oil),  remains  fluid  at  an  ordi- 
nary temperature,  also  egg  oil  as  well  as  neat's  foot  oil  from 
fresh  feet  of  oxen  and  sheep. 

The  consistency  of  the  liquid  oils  varies  very  much,  castor 
oil  being  the  most  viscous.  The  value  of  oils  for  illuminating 
purposes  depends  greatly  on  their  degree  of  fluidity.  The  latter 
is  determined  by  the  time  required  by  equal  quantities  of  oil  to 
flow  out  through  an  aperture  at  the  same  temperature. 
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Various  apparatuses  for  determining  the  degree  of  fluidity 
have  been  constructed,  some  of  them  indicating  also  frictiooal 
resistance. 

Gustav  Schuebler  made  experiments  with  a  series  of  oils, 
using  the  simple  apparatus  shown  in  Fig.  9.  It  consists  of  a 
glass  tube  about  three-quarters  inch  in  diameter,  narrowing  be- 
low to  about  one-tenth  inch  in  diameter.  The  tube  is  secured 
to  a  stand.     The  apparatus  is  filled  with  equal  quantities  of  the 

Flu,  9. 


SCUUSBLBE  VISCOSIMETBR. 

separate  oils  and,  by  aVatch,  the  time  noted  which  the  oil  re- 
quires to  flow  out.  The  fluidity  of  water  previously  determined 
serves  for  comparison.  In  Schuebler's  experiment,  the  results 
of  which  are  given  in  the  appended  table,  the  action  of  the  tem- 
perature upon  the  fluidity  of  the  oils  was  also  taken  into  con- 
sideration and  determined  at  45.5°  and  59°  F. 
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Names  of  Oils. 


Castor  oil 

Otive  oil 

Pumpkin-seed  oil 

Hazel-nut  oil 

Colza  oil 

Beech-nat  oil 

White  mustard-seed  oil. 

Almond  oil 

Spindle-tree  oil 

Radish-seed  oil 

Black  mustard-seed  oil. 

Poppy-seed  oil 

German-sesam^  oil  •  •  • . 
Belladonna-seed  oil.  - . 
Sunflower-seed  oil  • .  •  - 

Red-pme-seed  oil 

Cressrseed  oil 

Grape-seed  oU 

Flum-kemel  oil 

Tobacco  oil 

Walnut  oil 

Linseed  oil 

Hemp  oil 

Pitch-tree  oil 

Weld-seed  oil 

Distilled  water 


Time  required  for 

flowing  out|  in 

seconds,  at 


59^  F. 


1830 

185 
166 
162 
158 

148 

143 

H3 
141 

123 

119 

118 

114 

107 

103 

99 

93 

90 
88 

88 

87 
85 
73 


45-5°  F. 


3390 
284 

240 

218 

222 

237 
216 

205 

210 

197 

160 

148 

151 

130 

128 

132 

122 
106 
104 
107 
102 
96 


Fluidity,  that  of 

water  placed 

»  1000,  at 


59^  F.     45-5°  F. 


4-9 
46.1 

48.6 
54-2 
55-5 
56.9 

57-3 
60.8 

62.9 

62.9 

63.8 

73.1 

75.6 

76.2 
78.9 
84.1 

90.9 
96.7 
100.0 
102.2 
102.2 
1034 
105.8 

103-7 


1000 


2.6 

31* 

37-5 
41.2 

40.5 

37-9 
41.7 

43-9 
42.8 

45.6 
5M 

54.5 
56.2 

57-3 
60.8 

59.6 

69.2 

70-3 
68.1 

Z3-7 
84.9 

86.5 

84.2 

88.2 

93-7 


The  oil  is  therefore 

more  thickly  fluid 

than  water  at 


59°  F. 
times. 


203 
21.6 
20.5 
18.4 
18.0 

'7-5 
174 

16.4 

*5'9 
15.9 
15.6 
13.6 
13.2 

13.1 
12.6 

11.8 

1 1.4 

1 1.0 

10.3 

10.0 

9-7 

9.7 
9.6 

9.4 
8.0 


1000 


00.0 


45.5°  F. 
times. 


377 

31.5 
26.6 

24.2 

22.4 

26.3 

24.0 

22.7 

233 
21.9 

19.4 

18.3 

17.7 

164 
16.7 
14.4 
14.2 
14.7 

11.8 

"•5 
11.9 

"•3 
10.7 


00.0 


August  VogeVs  viscosimeter  or  elaeo-pachy meter, — This  instru- 
ment has  been  modified  in  so  far  that  not  the  time  of  efflux  of 
a  certain  quantity  of  oil  can  be  observed,  but  the  quantity  of 
oil  flowing  out  in  a  fixed  time.  This  modification  has  the  ad- 
vantage that  a  sand-glass  fixed  for  30  seconds  may  be  used. 

The  apparatus,  Fig.  10,  consists  of  a  glass  tube  1.57  inches 
in  diameter  and  13.38  inches  long,  terminating  in  a  cone.  The 
efflux-aperture  is  0.59  inch  in  diameter  and  can  be  closed  with 
a  glass  rod,  5,  the  lower  end  n  of  which  is  ground  in  the  aper- 
ture so  that  on  raising  the  glass  rod  by  means  of  the  ring  m, 
the  contents  of  the  graduated  tube  are  emptied.  By  lowering 
the  glass  rod  the  aperture  is  closed  and  the  efflux  immediately 
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stopped.     As  previously  mentioned,  the  time  required  for  the 
efflux  is  indicated  by  a  sand-glass  set  exactly  for  30  seconds. 


Prof.  C.  Engler  calls  the  viscidity  of  oils  as  compared  with 
water  the  viscosity  degree,  and  the  specific  viscidity  the  specific 
viscosity,  referred  as  in  the  determination  of  the  specific  gravity 
to  a  fixed  temperature  in  this  case  to  20°C.=68^  F. 

Engel's  Viscosimeter. — By  reason  of  its  simplicity  and  capa- 
bility this  apparatus.  Fig.  11,  is  largely  used,  and  is  employed 
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by  all  railroads  in  Germany,  Austria-Hungary  and  Russia  for 
testing  the  viscosity  of  oils.  The  oil-holder  is  shallow,  in 
order  to  reduce  hydrostatic  pressure  to  a  minimum.  The  di- 
mensions are  also  accurately  fixed  throughout,  and  the  outflow- 
orifice  is  of  such  a  diameter  that  not  too  much  time  is  required 


encel's  viscosimeter. 

in  testing  very  thick  oils.  The  illustration  represents  the  latest 
improved  form  of  the  apparatus.  A  is  a.  shallow  brass  vessel 
for  the  reception  of  the  oil  and  can  be  closed  by  the  cover  A. 
The  form  and  dimensions  of  A  will  be  seen  from  the  illustration, 
the  figures  referring  to  centimeters.     To  the  conical  bottom  of 


52  ANIMAL  AND  VEGETABLE   FATS   AND   OILS. 

A  is  fitted  the  outflowing  tube  a^  exactly  20  millimeters  (0.78 
inch)  long,  with  a  diameter  on  top  of  2.9  millimeters  (0.1142 
inch)  and  on  the  bottom  of  2.8  millimeters  (o.i  102  inch).  For 
exact  normal  determinations  the  tube  is  made  of  platinum,  and 
for  ordinary  purposes,  of  brass.  It  can  be  closed  by  the  pointed, 
hard-wood  stopper  ^,  and  opened  by  withdrawing  the  latter. 
Three  marks  c  are  placed  at  equal  distances  from  the  bottom 
and  serve  for  measuring  the  oil,  as  well  as  for  judging  whether 
the  vessel  A  stands  level.  Up  to  the  marks  c  the  vessel  A  must 
hold  240  cubic  centimeters,  which,  with  the  slightly  conical  bot- 
tom and  the  dimensions  given  in  the  illustration,  is  actually  the 
case.  The  thermometer  /  serves  for  reading  oflT  the  tempera- 
ture of  the  oil  to  be  tested.  The  vessel  A  is  surrounded  by  a 
brass  jacket  BB,  open  on  top,  and  serves  for  the  reception  of 
water  or  heavy  mineral  oil  for  heating  the  contents  of  ^  to  1 50°C. 
(302^  F.).  To  prevent  the  oil  from  cooling  off  too  much  while 
passing  through  the  tube  a^  the  latter  projects  only  about  3  mil- 
limeters (0.118  inch)  from  the  jacket  B,  For  observing  the 
temperature  of  the  oil  in  the  jacket  B^  a  thermometer  is  fixed 
in  the  latter.  A  trevet  D  serves  as  a  support  for  the  whole,  and 
besides  carries  the  gas  pipe  d^  with  four  burners,  by  means  of 
which  the  oil  is  brought  to  and  maintained  at  the  proper  tem- 
perature. Under  the  outflow  tube  stands  the  measuring  flask 
C  which  is  furnished  on  the  neck  with  two  marks,  one  at  200 
cubic  centimeters  and  the  other  at  240  cubic  centimeters.  To 
obviate  a  too  great  length. of  the  neck,  which  would  also  affect 
the  outflowing  jet  and  impair  the  accuracy  of  the  experiment, 
the  neck  is  bellied. 

To  work  with  this  apparatus  the  time  has  first  to  be  deter- 
mined, which  is  required  by  water  of  20^C.  (68^F.)  running 
from  it  to  fill  the  measuring  flask  Cto  the  lower  mark  (200 
cubic  centimeters).  The  viscosity  of  the  various  oils  at  the 
different  temperatures  is  then  determined  in  comparison  to  that 
of  water  of  20^C.  (68^F.),  and  the  figure  obtained  is  called  the 
specific  viscosity — viscosity-degree — of  the  oils. 

To  test  the  apparatus  as  to  its  accuracy,  the  time  in  seconds 
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is  determined  which  is  required  by  200  cubic  centimeters  of 
water  of  20^C  (68°F.)  to  flow  from  the  vessel  A  filled  up  to  the 
marks  c.  For  this  purpose  the  vessel  A  is  rinsed  out  success- 
ively with  small  quantities  of  ether,  alcohol,  and  finally  of  water, 
the  outflow-tube  being  at  the  same  time  cleaned  with  a  feather 
and  a  small  paper  wad,  and  the  hard  wood  stopper  b  inserted. 
Exactly  240  cubic  centimeters  of  water  are  then  measured  of!  in 
the  measuring  flask  Cand  poured  into  the  vessel  -^4,  which  thereby 
should  be  filled  exactly  up  to  the  mark  c.  The  temperature  of 
the  water  is  then  brought  up  to  20^C.  (68°F.),  this  being  done 
by  maintaining  the  water  or  heavy  mineral  oil  in  the  jacket  BB 
at  a  uniform  temperature  until  the  thermometer  /shows  exactly 
20°C.  (68^F.),  and  the  thermometer  fixed  in  B  diflfers  but  slightly 
from  it.  The  measuring  flask  C  having  in  the  meanwhile  been 
allowed  to  drain  ofi*  for  at  least  one  minute,  is  then  placed  under 
the  orifice,  the  hard  wood  stopper  6  withdrawn,  and  the  time  in 
seconds  noted  by  a  watch  or  chronometer  which  is  required  for 
the  measuring  flask.  C  to  be  filled  up  to  the  200  cubic  centimeter 
mark.  Before  allowing  the  water  to  flow  care  must  be  taken 
that  it  is  perfectly  still,  and  especially  not  in  rotatory  motion 
due  to  previous  stirring.  If  the  apparatus  is  properly  con- 
structed, 50  to  55  seconds  are  required  by  the  water  to  run  out. 
The  mean  of  at  least  three  determinations,  which  should  not 
vary  more  than  0.5  second  from  each  other,  is  taken  as  the  cor- 
rect figure  and  placed=i.  Very  exact  determinations  should 
be  executed  in  a  room  having  as  nearly  as  possible  a  tempera- 
ture of  20OC  (es^F.). 

In  testing  oils  care  must  be  taken  to  remove  every  trace  of 
mcflsture  from  the  vessel  A,  this  being  effected  by  drying  and 
rinsing  in  succession  with  alcohol,  ether  and  petroleum.  The 
apparatus  is  finally  rinsed  with  the  oil  to  be  tested  and  then  filled 
with  the  latter  up  to  the  marks  c  (only  thin  oils  can  be  measured 
like  water  in  the  measuring  flask  C).  By  heating  the  water  or 
heavy  mineral  oil  in  the  jacket  B,  the  temperature  is  then 
brought  to  the  degree  desired,  and  maintained  at  that  degree  for 
at  least  three  minutes  before  allowing  the  oil  to  be  tested  to  run 
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out.  The  time  required  for  the  oil  to  run  out  is  determined  in 
the  same  manner  as  described  above  for  testing  the  apparatus. 
The  figure  obtained,  for  instance  270  seconds,  is  divided  by  the 
figure  of  the  flow  of  water  of  20°  C.  (68°  F.)  in  the  same  appara- 
tus, for  example,  52  seconds,  which  gives  the  specific  viscosity 
or  viscosity-degree ;  hence,  in  this  case 

Oils  containing  particles  of  water  in  suspension  have  to  be 
passed,  before  testing,  through  a  dry  paper  filter. 

A  viscosity-degree  of  2.6  is  considered  by  Engler  the  lowest 
limit  for  the  usefulness  of  an  oil  for  lubricating  purposes — see 
the  appended  table. 

Viscosity-Degrees  of  a  few  Oils  Determined  by  Engler's  Viscosimeter. 


Names  of  Oils. 


Brown  coal  (lignite)  tar  • 

Castor  oil 

Linseed  oil 

Mineral  oil,  Russian  .... 

Neat's  foot  oil 

r\y        M    f  common  . . . . 
Olive  oil  l^y^ 

Peanut  oil 

Petroleum 

Rape  .eed  oil  {J™^«^„;: 
Turnip  seed  oU   {J^^*^ 


Specific 

Outflow= 

Viscosity^ 

gravity  at 

time  in 

degree  at 

59°  F. 

seconds. 

20°  C.  (68°  F.) 

0.8570 

73 

140 

0.9634 

5372 

103.50 

0.9290 

330 

6.33 

0.9868 

562 

10.80 

0.9160 

640 

12.30 

0.9165 

695 

«3-30 

0.9165 

676 

13.00 

0.9180 

600 

11.50 

0.820 

57 

I.IO 

0.9146 

774 

14.90 

0.9137 

723 

14.10 

0.9124 
0.9  no 

}       720 

1365 

Outflow-time  of  water=52  seconds. 

After  a  number  of  experiments  with  Engler's  viscosimeter  in 
the  technical  experimental  station  at  Berlin,  the  conclusion  has 
been  reached  that  this  is  the  most  suitable  apparatus. 

Lepenaii's  leptometer* — ^This  apparatus,  shown  in  Figs.  12 
and  13,  allows  of  a  direct  comparison  of  the  viscosity  of  the  oil 
to  be  tested  with  a  standard  oil,  generally  rape  oil,  under  the 
same  conditions,  two  oil-holders,  one  of  which  is  filled  with  the 


♦  "ksTTTdq — fine,  fjif:Tpov — measure. 
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Standard  oil  and  the  other  with  the  oil  to  be  tested,  being  com- 
bined in  one  bath,  and  the  oils  passing  out  simultaneously 
through  two  tubes  of  the  same  shape.  A  is  the  bath,  in  which 
the  two  oil-holders  £B  are  so  placed  as  to  be  surrounded  on 
all  sides  by  the  fluid  in  the  bath.  For  this  purpose  the  parti- 
tion between  B  and  B  is  open  on  top  and  below,  so  that  the 
fluid  can  circulute  in  it  from  a.     The  two  oil-holders  BB  are 

Fio.  12.  Fig.  13. 


connected  below  by  means  of  pipes  with  ce,  whence  the  oil,  by 
three-way  cocks,  passes  into  a  pipe  in  which  outflow-oriflces  dd 
of  different  diameters,  according  to  the  consistency  of  the  oil, 
are  inserted ;  i  t  are  thermometers,  the  bulbs  of  which  dip  into 
the  oil  passing  through  c,  and  /  are  rising  pipes  for  the  removal 
of  air  bubbles.  Through  g  the  oil  can  be  directly  discharged 
irom  B  B,  and  by  adjusting  the  three-way  cock  the  oil  can  be 
run  ofT  through  d  or  through^/  or  finally  B  can  be  shut  off. 


5  6  ANIMAL  AND   VEGETABLE  FATS  AND   OILS. 

In  making  experiments,  a  is  filled  with  a  fluid  for  heating  pur- 
poses. One  of  the  vessels  B  is  filled  with  standard  oil  and  the 
other  with  the  oil  to  be  tested,  and  after  heating  to  the  desired 
temperature,  both  oils  are  allowed  to  run  ofT  simultaneously 
through  the  orifices  d  d.  The  comparative  viscosity  of  the  oil 
to  be  tested,  as  related  to  the  standard  oil,  is  then  directly  found 
from  the  volumes  or  weights  of  the  oils  run  oflF. 

At  the  ordinary  temperature  this  apparatus  gives  very  good 
results ;  it  has,  however,  the  defect  that  in  consequence  of  the 
outflow-orifices  not  being  in  the  heating  bath,  the  oils  in  them 
will  cool  oflf  several  degrees,  according  to  the  surrounding  tem- 
perature. The  construction  of  the  different  outflow-orifices  with 
perfectly  uniform  internal  dimensions  might  also  prove  diffi- 
cult ;  the  outflow-orifices  should  at  least  not  be  bent  as  in  the 
most  recent  constructions,  they  being  difficult  to  clean  and 
keep  in  order. 

Redwood's  Vtscosimeter. — ^This  apparatus  is  largely  used  in 
Great  Britain,  it  having  been  adopted  also  by  the  Scotch  Min- 
eral Oil  Association.  It  is  described  by  Mr.  C.  R.  Alder  Wright* 
as  follows:  **The  apparatus  consists  of  an  interior  silvered 
copper  cylinder  about  i^  inches  in  diameter  and  3j^  inches 
deep,  containing  the  oil  to  be  examined.  The  bottom  of  this 
is  furnished  with  an  orifice,  consisting  of  a  hole  bored  through 
an  agate  plate,  the  top  of  which  is  excavated  into  a  hemispher- 
ical cavity  so  that  a  small  brass  sphere  attached  to  a  rod  and 
dropped  in,  forms  a  sufficiently  tight  valve.  An  outer  jacket 
is  provided  with  a  closed  copper  tube  projecting  therefrom 
downwards  at  an  angle  of  45°,  so  that  by  heating  this  **  tail "  in 
a  Bunsen  or  spirit  lamp  flame,  the  temperature  of  the  liquid, 
(water,  oil,  melted  parafiin  wax,  etc.)  in  the  jacket  can  be  raised 
as  required.  A  revolving  agitator  to  equalize  temperature  in 
the  jacket  is  provided,  with  a  thermometer  attached,  a  second 
thermometer  being  supported  in  the  oil  by  a  clamp  fixed  on  the 
cylinder.     The  whole  rests  on  a  tripod  stand  furnished  with 

leveling  screws.     The  constancy  of  initial  level  of  oil  inside  the 

j 

*  Animal  and  Vegetable  Fixed  Oils,  etc.    London,  1894.  | 
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cylinder  is  assured  by  means  of  a  gauge  consisting  of  a  small 
internal  bracket  with  upturned*  point. 

"  When  an  observation  is  to  be  made  the  bath  is  filled  with 
water  or  heavy  mineral  oil,  etc.,  and  heated  to  the  required 
temperature.  The  oil  to  be  tested  is  also  heated  to  this  tem- 
perature and  poured  in  until  the  level  of  the  liquid  just  reaches 
the  point  of  the  gauge.  A  narrow-necked  flask  holding  50 
cubic  centimeters  is  placed  beneath  the  jet  immersed  in  a  liquid 
at  the  same  temperature  as  the  oil.  When  all  is  ready  the  ball- 
valve  is  raised  and  a  stop-watch  started,  and  the  number  of 
seconds  requisite  to  fill  the  50  cubic  centimeter  flask  noted, 
care  being  taken  that  the  temperature  does  not  fluctuate  during 
the  time  and  that  the  oil  is  perfectly  free  from  suspended  mat- 
ter, such  as  dirt  or  globules  of  water." 

Besides  the  determination  of  the  velocity  of  the  flow  of  an 
oil,  there  have  recently  been  constructed  viscosineters  based 
upon  different  principles,  of  which  J.  C.  Stahl's  apparatus  may 
be  taken  as  a  representative.  It  consists  of  a  glass  tube  which 
can  be  closed  on  both  ends  by  glass-stoppers.  A  short  dis- 
tance below  these  stoppers  the  tube  is  provided  with  marks,  so 
that  when  the  tube  closed  at  one  end  is  filled  with  the  oil  to  be 
tested  and  the  other  glass  stopper  is  inserted,  there  remains  an 
air-bubble  of  a  fixed  size  between  the  stopper  and  the  mark. 
By  holding  the  tube  in  a  perpendicular  position  and  then  turn- 
ing it  1 80°  so  that  the  glass  stopper  previously  on  top  comes 
below,  the  viscosity  can  be  measured  by  the  time  required  by 
the  air-bubble  to  ascend  in  the  oil.  The  more  viscous  the  oil 
is,  the  more  slowly  the  bubble  ascends. 

Combustibility, — The  quick  or  slow  combustibility  of  oils  is  of 
great  importance  in  judging  their  value  as  illuminants.  Schueb- 
ler  has  made  experiments  in  this  respect  with  an  ordinary  lamp, 
and  with  a  small  lamp  without  wick.  The  latter  lamp  consists 
of  a  small  glass  tube  about  0.106  inch  in  diameter  floating  in  a 
small  metal  plate  upon  the  surface  of  the  oil,  which  is  ignited  at 
the  mouth  of  the  glass  tube.  The  lamp  with  a  wick  consist  of  a 
metal  tube  of  the  same  diameter  containing  sixteen  fine  cotton 
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threads.  The  separate  experiments  were  continued  exactly  an 
hour,  and  the  quantity  of  oil  consumed  during  this  period  de- 
termined. 

To  determine  at  the  same  time  the  quantity  of  heat  developed 
during  combustion,  the  lamp  was  brought  into  a  vessel  over 
which  was  placed,  at  a  distance  of  2  ^  inches,  a  boiler,  contain- 
ing exactly  600  parts  by  weight  of  water.  After  one  hour  the 
water  was  weighed  and  the  evaporated  quantity  calculated. 

The  results  of  the  experiments  are  giveir  in  the  following 
table : 


Combustibility  of  Oils. 


Names  of  the  Oils. 


Olive  oil 

Sunflower-seed  oil ... . 
German  sesami  oil ....  < 

Pumpkin-seed  oil 

Weld-seed  oil 

Almond  oil , 

Hazel-nut  oil 

Spindle-tree  oil 

Hemp  oil 

Plum-kernel  oil > 

Beech-nut  oil 

Pinaster-seed  oil 

White  mustard-seed  oil. 

Belladonna  oil • 

Spring  rape-seed  oil  . . . 

Colza  oil 

PiDe  oil > 

Cress-seed  oil < 

Linseed  oil 

Nut  oil 

Castor  oil 

Radish-seed  oil 

Poppy-seed  oil 

Grape-seed  oil 

Tobacco-seed  oil 

Fall  rape-seed  oil* . . . . , 
Black  mustard-seed  oil 
Hesperis  oil 


In  a  lamp  without  wick.         In  a  lamp  with  wick. 


Quantity  in  one  hour. 


Oil  Water 

consumed.  '    evaporated. 


Oil 
consumed. 


Parts  Parts        j       Parts 

by  weight.  |    by  weight.    '  by  weight. 


53.1 

150 

41.0 

133 

36.0 

105 

34.2 

lOI 

34.1 

100 

33.5 

99 

32.5 

97 

321 

95 

31.4 

94 

30.8 

90 

30-5 

87 

30.0 

84 

29.3 

82 

29.0 

82 

27.5 

70 

26.9 

68 

26.5 

65 

24.4 

56 

24.2 

57 

234 

55 

23.3 

46 

20.0 

42 

19.8 

41 

18.4 

33 

»7-7 

36 

12.0 

22 

^  extinguish 
f             mil 

les  in  a  fe 

nutes. 

\ 


62.0 

51.8 
34.0 

43.7 
44.0 

52.8 

534 
61.0 

46.0 
68.0 
50.0 
49.8 
29.8 
38.2 
330 
42.7 

47.3 
42.0 

38.7 

45-0 
47.0 

430 
31.0 

37.0 
33.2 
40.0 
25.0 
24.0 


Water 

evaporated. 

Parts 
by  weight. 


230 
185 

lOI 

148 

183 
190 

225 

J  55 
260 

170 

164 

78 

110 

94 
140 

160 

137 
121 

150 

168 

138 

80 

120 

95 

>33 
68 

59 


♦  Not  refined. 
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Determination  of  the  specific  gravity , — By  specific  gravity  is  un- 
derstood the  weight  of  a  liquid  or  solid  body  as  compared  with 
that  of  an  equal  volume  of  pure  water.  If,  therefore,  the  weight 
of  ICO  cubic  centimetres  of  oil  =  95.32  grammes,  and  that  of  100 
cubic  centimetres  of  water  =  100.00  grammes,  the  specific  grav- 
ity of  the  oil  = 

^5-"^  —  =  0.9532 
100.00 

The  specific  gravity  of  fatty  substances  can  be  accurately  deter- 
mined by  different  methods,  of  which  we  mention  the  following : — 
I .  By  the  picnometer^  or  specfiic  gravity  bottle.  Fig.  14,  a  small, 

Fig.  14. 


PICNOMETER. 


pear-shaped  glass  vessel  provided  with  a  glass  stopper.  It  is 
filled  with  water  and  weighed.  It  is  then  emptied,  thoroughly 
dried,  and  filled  with  the  oil  to  be  examined,  and  again  weighed. 
The  volumes  of  water  and  oil  used  being  equal,  it  is  only  nec- 
essary to  divide  the  weight  of  the  oil  by  that  of  the  water  to 
obtain  the  specfic  gravity  of  the  oil.     For  example : — 
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Weight  of  the  nopcy  picM>ni«t«r,  i : 

"     "    "  "  Med  with  diitilled  water,  2 

Subtract  11.533 

I3-J00 
Weight  of  the  picnonetn,  with        oil,  2; 

"      "    "  "  without   oil,  I. 

We  have  now  the  proportion : 


I  (fpecilic  gnvit;  of  water)  :  X 
ia.136.1 


2.  Moat's  specific-gravity  balance. — The  construction  of  this 
Fig.  15. 


instrument,  which  permits  very  exact  and  rapid  determinations  of 
specific  gravity,  depends  upon  the  principle,  that  the  loss  of 
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weight  which  one  and  the  same  body  suffers  in  different  liquids 

is  proportioned  to  the  density  of  the  latter.     One  arm  of  the 

balance  (Fig.  15),  is  divided  into  ten  ^ 

.  .    .  ...  Fig.  16. 

equal  parts,  and  upon  it  is  suspended  by 

means  of  a  fine  platinum  wire  a  glass 
vessel  embracing  a  thermometer,  which 
is  exactly  balanced  by  a  weight  affixed 
to  the  other  arm.  The  equilibrium 
caused  by  a  loss  of  weight  of  the  glass 
vessel  when  immersed  in  water  of  4°  C, 
(39.2°  F.)  is  restored  by  appending  an 
adjusted  weight.  There  are  four  weights 
(riders), No.  2  being  equal  to  Voi  No.  3 
to  rij.  and  No.  4  to  j^-^  of  No.  i.  If, 
now,  after  immersing  the  glass  vessel  in 
an  oil,  the  riders  are  placed  in  the  di- 
vision marks,  the  first  indicates  the 
tenths,  the  second  the  hundredths,  the 
third  the  thousandths,  and  so  on. 

3,  In  commerce,  especially  con- 
structed instruments  called  elalometers, 
oleometers,  or  oil  balances  are  used. 
Such  instrument  is  a  delicate  aerometer 
or  hydrometer  so  weighted  and  gradu- 
ated as  to  adapt  itself  to  the  densities  of 
the  principal  fixed  oils. 

Lefebvre's  oleometer.  Fig.  16,  which  is 

much  used,  has  the  form  of  an  ordinary 

oleometer,  except  that  the  bulb  is  larger 

and  the  tube  or  stem  very  long.     The 

latter  is   provided    with    a   scale  upon 

which  the    principal    oils  occurring   in 

commerce  are  indicated.     As  it  would 

,  ,  .,  ,  .        .         ^  lefebvre's  oleombtsr. 

be  scarcely  possible  to  place  four  figures 

alongside  each  other  upon  the  scale,  the  first  and  last  decimals 

are  omitted.     On  the  place  for  rape  oil,  for  instance,  stands  the 
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figure  15,  which  must  be  read  0.9150  specific  gravity.  On  the 
left  of  the  scale,  opposite  to  the  figures  of  the  specific  gravity, 
are  the  names  of  the  various  oils.  To  facilitate  the  reading, 
the  oils  are  indicated  by  a  color  closely  resembling  that  acquired 
by  them  by  the  test  with  sulphuric  acid. 

The  standard  temperature  of  the  oleometer  is  15  C.  (59°  F.), 
and  the  experiments  must  therefore  be  made  at  this  tempera- 
ture. 

If  oils  are  tested  at  a  different  temperature,  the  diflference  in 
the  specific  gravity  is  o.ooi,  more  or  less,  for  each  1.5°  C. 
above  or  below  the  standard  temperature ;  therefore,  0.002  for 
every  3°  C,  0.004  for  every  6°  C,  and  so  on.  At  18°  C. 
j^%jf  must  consequently  be  added  to  the  specific  gravity,  and  at 
12°  C.  tAt  subtracted. 

In  Germany  Fischer's  oil  balance  and  Brix's  hydrometer  ^xt.  in 
general  use  and  employed  by  all  customs  offices.  Fischer  added 
to  his  oil  balance  printed  instructions  exhibiting  the  degrees 
which  pure  oil  should  show  with  his  balance.  However,  he 
never  made  public  the  principle  of  construction,  and  as  the 
mechanics  making  the  balance  worked  only  by  sample,  the 
principle  of  construction  being  unknown  to  them,  it  will  be  read- 
ily understood  that  in  commerce  the  balances  yield  greatly  vary- 
ing results. 

Fischer  in  his  instructions  says : 

**  This  balance  shows  the  specific  gravity  of  the  fat  oils  in  de- 
grees. If  the  temperature  of  the  oils  has  been  brought  to  o  ac- 
cording to  the  thermometer,  a  good  quality  of 

Rape  oil  shows        ' 3^39  degrees. 

Olive  "  38  « 

Camelina  oil  shows 33'~34      '' 

Poppy  "  32  " 

Linseed        ^  29-30      " 

Train  "  33  « 

t 

"  Mixtures  of  various  oils  give  different  results,  for  instance, 
equal  parts  of  rape  oil  and  camelina  oil  give  an  oil  of  36  to  37 
degrees.  By  artificial  purification  the  above  mentioned  oils 
become  specifically  lighter  and  show  one  degree  less. " 
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Gerlach  has  discovered  the  principle  of  Fischer's  oil  balance 
by  comparing  Fischer's  degrees  and  the  specific  gravities  at 
12.5°  Reaumur  (6o.i°F.),  and  found  that  Fischer's  degrees  cor- 
respond with  the  specific  gravities  of  Brix's  hydrometer-degrees. 
The  latter  are  based  upon  the  formula : 

400 


x= 


400 -j-n 


in  which  X  means  the  specific  gravity  and  n  the  number  of  de- 
grees read  ofT  on  the  instrument. 

As  regards  the  oils,  Fischer's  or  Brix's  degrees  correspond  to 
the  following  specific  gravities : 


Degrees. 

Specific 
gravity. 

1 

1   Degrees. 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

0 

1.000        , 

17 

0.9593 

34 

0.9217 

I 

0.9975 

18 

0.9569 

35 

0.9195 

2 

0.9950 

19 

0.9547 

36 

0.9174 

3 

0.9926 

20 

0.9524 

^i 

o.9»53 

4 

0.9901 

21 

0.9501 

0.9132 

5 

0.9877 

22 

0.9479 

39 

0.91 12 

6 

0.9852 

23 

0.9456 

40 

0.9091 

7 

0.9828 

^ 

0.9434 

41 

0.9070 

8 

0.9804       , 

i        25 

0.9412 

42 

0.9050 

9 

0.9780 

26 

0.9390 

43 

0.9029 

10 

0.9756 

27 

0.9368 

44 

0.9009 

II 

0.9732 

28 

0.9346 

45 

0.8989 

12 

0.9709 

29 

0.9324 

46 

0.8969 

13 

0.9685 

30 

0.9302 

47 

0.8949 

14 

0.9662 

31 

0.9281 

48 

0.8929 

"5 

0.9639 

32 

0.9259 

49 

0.8909 

16 

0.9615 

33 

0.9238 

50 

0.8889 

Other  hydrometers  are  those  of  Gobley,  Pinchon,  Donny, 
etc. 

It  has  previously  been  stated  that  the  percentage  yield  of  fat 
of  seeds,  fruits,  etc.,  is  dependent  on  the  manner  of  cultivation, 
condition  of  the  soil,  manure,  weather,  degree  of  ripeness,  etc. 
The  conditions  are  also  of  influence  upon  the  variations  in  the 
specific  gravity  of  one  and  the  same  oil,  and,  according  to  the 
age,  mode  of  preparation,  etc.,  of  the  oil  these  variations  may 
be  as  great  as  the  differences  between  one  oil  and  another 
which  serves  as  an  adulterant. 
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The  want  of  agreement  in  the  determinations  of  the  specific 
gravity  in  this  respect  is  plainly  illustrated  by  the  following 
table : 


Scbarling. 


Lefebyre. 


Rape  oil 

Linseed  oil ... . 
Foppy  oil  (old) 


Train  oil 
Olive  oil 


0.9228 

0-9383 

0.9630 

according  to  kinds 

0.9175-0.9317 


Schuebler. 


0.9154 

0.9350 
0.9253 

0.9240 
0.9180 


0.9128 

0.9347 
0.9243 

0.9231 
0.9176 


While  in  Germany,  Austria  and  England,  densimeters  are 
being  more  and  more  introduced,  in  America  and  Russia, 
Baume's  scale  is  almost  exclusively  used,  and  in  Italy  Lefebvre's 
and  Gobley's  oleometers,  Lefebvre's  being  also  employed  in 
France  besides  Gay-Lussac's  volumeter.  In  the  Hamburg 
train  oil  commerce  even  Stoppani's  oil  balance  is  still  used. 

The  following  table  serves  for  a  comparison  of  the  various 
scales : 

Comparison  of  Hydrometers. 


Hydrometer  of 


Baum6  at  17.5^  C. 


Fluids  heavier  than 
water. 


146.78 
146.78 


n' 


Bauin6,  rational,  at  1 5^  C I     l^~^ 

144.3—  n 

Brix,  official,  at  15.625^  C 

Fischer,  E.  G.  Greiner 


=  S 


=  S 


|!    400  __ 

f  I     400  —  n 


Gay-Luasac  at  4°  C. . . 
Stoppani  at  15.625^  C. 
Balling  at  17.5°  C  ... 

Beck  at  12.5°  C 

Cartierat  I2.5°C 


400 

ICO 

100  —  n 
160 

160  —  n 
200 

200  —  n 
170 

170  —  n 
I36.8_ 
1 26.1  —  n 


S 

s 
s 
s 

S     ' 

s 


Fluids  ligfiter  than 
water. 

146.78 
136.78  +  n 

—  S 

144-3 
134.3  -f  n 

—  s 

400 

400  ^-  n 

=  s 

100 

100  -f    n 

=  s 

160 

160  4-  n 

=r--    S 

200 

200  -f-  n 

—  s 

170  -f  n 

--  s 

136.8 

1 26.1  -f  n 

-  s 

n  -  degree.    S  =  specific  gravity. 
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Lunge  and  Hurter*  regard  the  series  of  values  got  by  means 
of  the  formula  5  =  IHI-n  as  the  only  "  rational "  one  of  the 
various  Baume  scales  in  use;  taking  the  formula  at  15^  C. 
(59°  F-)»  the  specific  gravity  of  water  at  15°  C.  =^o°B.  whilst 
66^  B.  represents  specific  gravity  |^:f..^-ff  =  1.8426.  The  fol- 
lowing table  exhibits  the  relationship  between  the  values  of 
"  rational  "  Baume  degrees,  Twaddell  degrees,  and  true  specific 
gravity : 


Baumi. 

TwaddeU. 

Specific 
gravity. 

j                    1 

1     Baum^. 

1 

TwaddeU. 

Specific 
gravity. 

0 

0 

1.000 

36.0 

66.4 

1.332 

0.7 

1.0 

1.095 

38.0 

7M 

1.357 

1.0 

M 

1.007 

40.0       ' 

76.6 

1.383 

M 

2.0 

1. 010 

4»o       1 

82.0 

1.410 

2.0 

2.8 

I. 01 4 

44.0 

87.6 

1438 

2.7 

4.0 

1.020 

46.0 

93-6 

1.468 

4.0 

5.8 

1.029 

48.0 

99.6 

1.498 

§•'' 

7-4 

1.037 

50.0 

106.0 

1.530 

S-7 

10.0 

1.050 

52.0 

1 12.6 

1563 

8.0 

12.0 

1.060 

SA'O 

119.4 

1.597 

10.0 

15.0 

1.075 
1. 108 

1        56.0 

127.0 

1.635 

I4X> 

21.6 

58.0 

i34.« 

1.67 1 

16.0 

25.0 

1. 125 

60.0 

142.0 

1.710 

18.8 

30.0 

1. 1 50 

61.0 

146.4 

1.732 

20X> 

3M 

1. 162 

62.0 

150.6 

1-753 

23.0 

38.0 

1. 190 

63.0 

155.0 

1.775 

25.0 

42.0 

1.210 

64.0 

159.0 

1.795 

27.0 

46.2 

1. 23 1 

65.0 

164.0 

1.820 

30.0 

52.6 

1.263 

66.0 

itS^ 

!          1.842 

33-0 

'      59.4 

1.297 

67.0 

173.0 

1.865 

. 

.  _ 

1 

For  the  determination  of  the  specific  gravity  of  more  solid 
fats  and  waxes,  Dr.  Hager  gives  the  following  method : 

The  fat  is  melted  and  carefully  dropped  into  alcohol  or  di- 
luted alcohol,  in  whidi  it  is  again  allowed  to  solidify.  The  so- 
lidified drops  are  then  transferred  to  a  second  vessel  containing 
a  liquid,  the  density  of  which  is  increased  or  decreased  by  the 
addition  of  alcohol,  water,  or  glycerin  until  the  fat  shows  a 
tendency  to  float,  but  does  not  rise  or  sink  at  once.  The  spe- 
cific gravity  of  the  liquid  is  then  that  of  the  fat.     However,  since 


*  Alkali-Maker's  Pocket-Book. 
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dropping  of  the  melted  mass  into  alcohol  or  diluted  alcohol  at 
a  medium  temperature  produces  variations  according  as  the 
fat  is  heated  and  later  on  cooled  off,  this  method  has  been  modi- 
fied  as  follows: 

The  fat  is  carefully  melted  to  a  semi-fluid  mass  and  allowed 
to  fall  drop  by  drop  from  a  glass  rod  into  a  beaker  filled  half 
with  water  standing  in  a  freezing  mixture.  The  separate  drops 
remain  in  the  cooled  water  until  the  later  has  acquired  the  tem- 
perature requisite  for  the  determination  of  the  specific  gravi^. 

Fig.  17. 


KOENKi'S  APPAItATUS. 


The  small  globules  of  fat  are  then  dried  with  blotting  paper 
when  they  are  ready  for  the  floating  test  described  above. 

In  determining  the  specific  gravity  and  in  judging  the  quality 
of  oils  dependent  on  fluctuations  of  the  specific  gravity,  due 
consideration  has  to  be  given  to  the  temperature  at  which  the 
determination  has  been  made,  since  oils  possess  a  greater  ca~ 
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pacity  for  expanding  at  a  higher  temperature  than  most  other 
fluids. 

Determination  of  the  specific  gravity  at  a  higher  temperature. — 
Lefebvre  assumed  for  all  oils  the  same  proportion  of  expansion 
at  the  same  degree  of  temperature.  Contrary  to  this  Schar- 
ling  proved  that,  notwithstanding  equality  or  dissimilarity  of  the 
specific  gravity  at  S9°F.,  fats  and  oils  at  the  same  high  degrees 
of  temperature  show  different  expansion-coefficients ;  hence  an 


oil  or  fat  specifically  heavier  at  an  ordinary  temperature  than 
another  oil  or  fat  may  be  specifically  lighter  at  212*^  F„  for  in- 
stance, butter,  specific  gravity  at  S9°F.  =0.938,  at  2i2°F.  = 
0.860;  Lard,  specific  gravity  at  S9°F.  =  0.938,  at  212°  F.= 
0.868. 

The  determination  of  the  specific  gravity  at  higher  tempera- 
tures has  recently  been  applied  by  A,  Meyer,  E.  Koenig,  Leune, 
and  others,  to  the  purpose  of  identifying  and  judging  oils,  etc. 
Various  apparatuses  for  testing  the  oils  have  been  constructed, 
a  few  of  them  being  shown  in  Figs.  17  to  21. 
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The  mode  of  construction  is  indicated  by  the  illustrations. 
Fig.  17  shows  Koenig's  apparatus,  in  which  A  B  is  a  water-bath 
with  constant  level,  C  a  thermometer,  Z>  tube  containing  the  oil, 
and  £  a  hydrometer.  The  water-bath  is  heated  by  a  gas  flame. 
Bell's  application  of  Westphal's  balance  is  shown  in  Fig.  18. 
The  vessel  C,  containing  the  oil,  etc.,  to  be  examined,  is  heated 
by  a  hot  air-bath  B.  the  ascending  hot  gases  from  a  ring  burner 
being  made  to  circulate  as  indicated  by  the  arrows.  The  tem- 
perature of  the  inner  hot  space  is  shown  by  the  thermometer  D, 
and  should  not  differ  much  from  that 
of  the  oil  itself,  as  indicated  by  a 
thermometer  immersed  therein  (in 
the  illustration  this  is  enclosed  inside 
the  plummet).  A  thermostat  or 
heat  regulator  where  the  gas  supply 
is  automatically  regulated  should  be 
employed  in  addition.  Fig.  19  rep- 
resents Bunsen's  thermostats.  The 
principle  of  these  regulators  consists 
in  that  the  air  in  the  lower  part  when 
expanded  by  heat  regulates,  and 
eventually  closes  by  means  of  mer- 
cury, the  aperture  through  which  the 
illuminating  gas  serving  for  heating  is 
supplied.  The  gas  flows  from  the 
principal  tube  through  the  movable 
vertical  supply-tube  closed  by  mer- 
cury and  through  the  lateral  tube  to 
the  burner. 

Fig.  20  represents  Ambiihrs  ar- 
rangement. A  boiling  flask  A  with 
a  flat  bottom  serves  for  the  generation 
of  steam.  A  large  test-glass  B,  for 
the  reception  of  the  oil  passes  through  a  perforated  cork,  but 
does  not  fit  firmly  in  the  latter,  the  cork  being  provided  with 
four  triangular   cuts,  so  that  the  steam  from  the   flask  must 
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wash  the  top  of  the  test-tube  and  heat  it.  A  thermometer  C 
passes  through  a  second  perforation  in  the  cork.  The  plum- 
mets D  are  provided  with  scales  from  0.950  to  0.900  and 
0.900  to  0.840,  and  a  thermometer  enclosed  inside.  In  using 
the  apparatus  the  degrees  of  temperature  can  be  easily  read 
off  on  the  thermometer  C  and  the  plummet  D.  The  oil-vessel 
B  should  not  dip  into  the  water,  and  it  is  recommended  to 
add  a  small  quantity  of  common  salt  to  the  latter.     The  gen- 


ambUhl's 
.^,  fluk;  J?,  glau-jackel;   C,  oUvesMi;  A  bydromcter. 

eration  of  steam  and  the  heating  of  the  oil  are  very  rapidly 
effected.  To  obtain  exactly  a  temperature  of  212°  F.,  it  is 
advisable  to  place  a  cyclinder  of  pasteboard  covered  inside  and 
outside  with  flannel  upon  the  flask.  The  cylinder  rests  upon 
the  lower  conical  enlai^ement  of  the  flask,  and  can  be  readily 
removed  and  replaced.     The  hydrometers  having  been  adjusted 
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to  59°  P.,  the  comparative  values  have  to  be  referred  to  this 
temperature. 
The  most  simple  arrangement  is  shown  in  Fig.  21,  in  which 


A,bai\iagBuk;   S,ai]-i- 

A  represents  the  boiling  flask,  B  the  oil-vessel,  C  the  thermom- 
eter, and  D  the  hydrometer. 
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SpEaFic  Gkavity  of  some  Oils  and  Fats  at  212°  F. 


Names  of  the  Oils,  etc. 


Batter 

Cacao  butter . . . 
Castor  oil  . .  •  • . 
Cocoanut  oil . . . 
Cotton-ceed  oil* 
Hemp-seed  oil 
Japanese  wax . . 
Lard 


oil 


Mineral  oil -j 

Olive  oil  (Nice) 

Palm  oil 

Palm-kemel  oil 

Peanut  oil 

Poppj  oil 

Rosin  oil 


Specific  gravity 
at  59°  F.         at  212°  F. 


Spermaceti 

Suet  (ox  tallow). 
Tallow  (sheep) . . 
Turnip  seed 


0.960 
0.930 
0.950 
0.963 
0.925 
0.926 
0.927 
0.972 
0.938 
0.936 
0.891 
0.930 
0.917 

0.945 
0.952 

0.920 

0.925 
0.923 
0.992 

0.953 

0.935 
0.913 


0.822 
0.868 
0.857 
0.910 
0.863 
0.871 
0.872 
0.870 
0.860 
0.880 
0.842 
0.850 
0.869 
0.857 
0.866 
0.864 
0.872 
0.910 
0.871 
0.809 
0.859 
0.860 
0.862 


Freezing  or  solidifying  point.  By  this  is  understood  the 
point  at  which,  by  the  withdrawal  of  heat,  oils,  fluid  or  semi-- 
fluid  at  an  ordinary  temperature,  solidify.  It  is  determined 
in  a  test-tube  0.31  to  0.35  inch  in  diameter,  filled  }^  with  oil, 
into  which  dips  a  thermometer  as  shown  in  Fig.  22.  The  cork 
which  supports  the  thermometer  does  not  fit  closely  on  one  side 
so  that  the  ordinary  atmospheric  pressure  prevails  in  the  test- 
tube.  The  scale  of  the  thermometer — from  — 30°C.  to  20°C. 
— ^is  above  the  cork,  so  that  the  degrees  can  be  conveniently 
read  off.  The  test-tube  is  slowly  moved  to  and  fro  in  a  freez- 
ing mixture,  the  oil  carefully  observed  and  the  freezing  point 
noted.  With  the  same  arrangement  it  may  also  be  accurately 
determined  at  which  temperature  the  oil  becomes  again  fluid  ; 
thus  poppy  oil  freezes  only  at — 20°C.  ( — ^4°F.)  and  remains 
thus  up  to— 2°C.  (28.4°F.),  but  above  this  temperature  the 
oil  becomes  rapidly  fluid. 
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Suitable  freezing  mixtures  are  as  follows: 

For — 20°C.  ( — 4°F.)  :  Ammonium  chlor- 
ic, aa.  jjg  J  parts,  saltpetre  5,  Glauber's  salt  8, 
water  16. 

For  — 25"^  C.  { — I3°F.)  :  Common  salt  i 
part,  melted  ice  or  snow  2. 

For — 30C.  ( — 22°F,) :  Common  salt  2 
parts,  ammonium  chloride  1,  ice  5. 

For — 35°C.  ( — 3i°F.):  Common  salt  5 
parts,  ammonium  chloride  i, saltpetre  i,icc  5. 

As  a  rule,  it  suffices  to  wrap  cotton  round 
the  lower  part  of  the  test-tube  and  moisten 
it  with  ether  or  carbon  disulphide,  etc.  By 
their  evaporation  cold  is  produced  and  the 
solidifying  point  or  the  various  stages  of 
solidifying  can  be  readily  read  off  on  the 
thermometer. 

Fusing  point.  This  is  the  temperature  at 
which  a  softer  or  more  solid  body,  such  as 
lard,  tallow,  wax,  is,  by  the  conveyance  of 
heat,  converted  into  a  fluid  state.  For  the 
determination  of  the  fusing  points  of  fats, 
various  methods  have  been  proposed  which 
differ  essentially  in  that  either  the  tempera- 
ture at  which  the  fats  commence  to  show 
signs  of  melting  is  taken  as  the  fusing  point, 
or  that  at  which  ihey  run  down  as  a  clear, 
transparent  fluid,  the  former  being  called  the 
initial  fusing  or  softening  point  and  the  latter 
the  ultimate  fusing  point  or  temperature  of 
complete  fusion. 

In  all  preparations  for  determining  the 
fusing  point,  the  fat  should  be  used  in  a  semi- 
fluid state,  i.  e.,  to  avoid  over-fusing,  the  fat 
is  placed  in  a  dish  and  carefully  melted,  stir- 
ring slowly  until  it  is  semi-fluid. 


ARRANGEMENT        t 

DKrERMINlNi:    T 


B,  thermometer. 
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According  to  Buis,  very  thin-walled  glass-tubes  of  o.  11  inch 
internal  diameter  and  1.18  inches  long,  drawn  out  perfectly 
cylindrically  and  smooth  inside,  are  filled  by  suction  with  semi- 
fluid fat.  These  tubes,  as  in  all  succeeding  determinations,  are 
laid  aside  for  12  to  48  hours,  according  to  the  season  of  the 
year,  in  a  cool  place  or  upon  ice,  until  the  fat  is  thoroughly 

nc  23.  Fig,  14.  25. 


ARRANUEMENT   F 

A,  beaker;  B,  Iheimometer  with  tube. 

solidified.     This  has  to  be  carefully  attended  to,  because  soft  fats 
especially,  very  slowly  acquire  their  natural  solidity. 

The  tubes  thus  prepared  are  placed  in  a  beaker  filled  with 
wrater  in  which  is  fixed  an  accurate  thermometer,  and  the  water 
very  slowly  heated.  At  the  moment  the  fat  is  forced  upward 
in  the  lube  the  temperature  is  read  off.     Since  the  fat  is  forced 
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upwards  very  suddenlj',  the  experiments  have  to  be  repeated 
and  the  mean  of  the  results  is  taken  as  the  fusing  point. 

Such  tubes,  closed  below  or  of  the  form  shown  in  Fig.  23,  are 
also  employed  as  follows ;  The  tube  is  bound  by  wire,  string 
or  an  india-rubber  ring  to  the  stem  of  a  thermometer,  Fig,  24, 
so  that  the  centre  of  the  bulb  is  about  level  with  the  substance. 
The  whole  is  then  placed  in  a  beaker  filled  with  water.  Fig.  25, 
(or  for  higher  temperatures  melted  paraflin  wax)  which  is  very 
slowly  raised  in  temperature  by 
Fio.  16.  means  of  a  small  flame  underneath. 

According  to  Fohl,  a  coat  of  fat  is 
directly  applied  to  the  bulb  of  a  ther- 
mometer, by  dipping  the  latter  into 
the  semi-fluid  fat,  and  immediately 
withdrawing  it  to  prevent  the  mer- 
cury from  becoming  heated.  After 
repeating  the  operation  several  times, 
the  thermometer  is  laid  aside  to  allow 
the  coat  of  fat  to  congeal.  It  is  then 
placed  in  a  beaker  filled  with  cold 
water,  and  heat  is  gradually  applied 
until  the  fat  becomes  transparent  or 
melts  off.  Or  the  thermometer, 
coated  with  fat,  is  placed  in  a  wide 
glass  tube,  and  secured  by  a  cork. 
The  tube  is  then  clamped  to  a  stand 
(Fig.  26).  About  three-quarters  to 
one  inch  below  the  bottom  of  the 
tube  is  a  piece  of  tin  to  protect  it 
from  the  direct  effect  of  the  gas  flame. 
In  this  manner  the  degree  at  which  the  fat  becomes  transparent 
can  be  determined,  and  also  that  at  which  it  melts  off.  In  the 
illustration,  T  is  the  thermometer,  C,  the  tilass  tube,  St,  the 
stand,  and  Sch,  the  protecting  tin. 

The  difference  between  the  appearance  of  transparency  and 
melting  off  is,  according  to  the  variety  of  fat,  up  to   1.5°  C. 


PHYSICAL  PROPERTIES   OF   FATS   AND   OILS. 


75 


(2.7^  F.),  the  same  differences  appearing  also  in  observations 
with  the  first  two  methods. 

Lard,  suet  (ox  tallow),  and  sheep  tallow,  become  transpar- 
ent only  several  degrees  above  their  fusing  points,  for  instance, 
lard  at  47^  C.  ( 1 16.6° F.),  while  Japanese  wax  shows  a  con- 
trary behavior,  it  becoming  transparent  at  41°  C.  (105.8°  F.) 
10®  C.  (50°  F.)  below  its  fusing  point. 

This  peculiar  behavior  of  fats  explains  the  different  results 
regarding  the  fusing  points  obtained  by  different  observers,  as 
shown  in  the  annexed  table,  and  how  necessary  it  is  to  establish 
a  uniform  determination. 

Various  Statements  Regarding  the  Fusing  Points. 


Name  of  Observer. 


Berzelius . 
Chateau  . 
Schnbarth 
Pemtz  . . . 
Wimmel  . 
BoUey  ... 
Thomson 
Muspratt 
Person  .. 
PbniUet . . 
Lepage  .. 
Dulk  .... 


Lard. 
Degrees  F. 


84 

86  to  88 

82.5 

80.5 

107  to  107.5 


Tallow. 
Degrees  F. 


109.5 

98.6  to  104 

100.5 


"5 


Suet. 
Degrees  F. 


98.5 


117 


100.5  to  106 


Wax. 
Degrees  F. 


112 

"3 
"3 

112 

127.5 

109 
120 

122 


A  method  first  proposed  by, Julius  Loewe,  gives  always  the 
same  results,  and  is,  therefore,  well  adapted  for  the  exact  de- 
termination of  the  fusing  points  of  many  substances.  It  depends 
upon  the  fact  that  an  electric  current  of  low  power  interrupted 
by  a  layer  of  fat  can  set  in  motion  an  alarm  as  soon  as  the  fatty 
substance  ceases  to  prevent  the  passage  of  the  current.  The 
apparatus  may  be  constructed  as  follows :  A  porcelain  capsule 
(Fig.  27),  about  two  inches  deep  and  three  and  a  half  inches 
wide,  filled  with  mercury,  is  set  into  a  small  copper  water-bath, 
TVa.  By  means  of  a  clamp  attached  to  the  retort-stand  St,  an 
accurate  thermometer,  T,  incfosed  within  a  glass  tube  (to  avoid 
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changes  of  temperature  by  the  surrounding  air),  is  immersed 
in  the  mercury.  By  means  of  the  same  retort-stand  a  rather 
thick  platinum  wire,  P,  is  firmly  fixed  so  as  to  dip  a  short  dis- 
tance into  the  mercury.  One  end  of  this  wire  is  bent  into  an 
eye,  which  is  connected  with  the  copper  wire  of  the  zinc  pole  of 
the  battery.  The  platinum  wire  itself  is  inserted  in  a  glass 
tube,  and  secured  with  sealing-wax  for  the  purpose  of  keeping 
it  straight  and  rigid.  For  the  continuation  of  the  current 
another  thinner  platinum  wire  dips  into  the  mercury  and  con- 
nects with  a  copper  wire  leading  to  the  alarm.  The  other  pole 
of  the  battery  is  in  direct  connection  with  the  latter.     If  the  ap- 


paratus is  properly  constructed,  on  closing  the  current  the  alarm 
should  instantly  sound.  Having  made  this  preliminary  trial  the 
stout  platinum  wire  P  is  disconnected,  its  lower  end,  which  had 
dipped  into  the  mercury,  strongly  ignited  and  allowed  to  cool 
under  mercury,  after  which  it  is  quickly  plunged  into  the  almost 
melted  fat-substance,  the  fusing  point  of  which  is  to  be  deter- 
mined. 

The  coating  need  not  be  thicker  than  a  few  milhmetres  in 
order  to  interrupt  the  current.  On  now  re-connecting  the  plat- 
inum wire  with  the  apparatus  as  before,  the  current  cannot  pass, 
and  the  alarm  will  not  sound.     Biit  if  the  water-bath,  and  with 
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it  the  mercury,  be  gradually  heated,  a  point  will  be  reached  at 
which  the  coating  around  the  end  of  the  wire  melts,  and  by  re- 
establishment  of  the  current  the  alarm  will  be  sounded.  At 
this  moment,  which  indicates  the  actual  fusing  point  of  the  sub- 
stance, the  temperature  is  read  off. 

J.  Loewe's  method,  slightly  modified,  has  been  introduced  in 
the  Paris  Municipal  Laboratory  by  F.  Jean.     The  apparatus 

Fig.  28. 


F.  JEAM*S  ELECTRIC  APPARATUS  FOR  DETERMINING  THE  FUSING  POINT. 

^y  water-bath;  ^,  U-shaped  tube;  C,  mercury;  Z),^, platinum  wires;  /) thermometer. 

employed  is  shown  in  Fig.  28,  and  may  be  briefly  described  as 
follows :  The  fat  in  a  fluid  state  is  placed  in  the  bend  of  the  U- 
shaped  tube  By  with  a  platinum  wire  in  each  limb.  When  the 
fat  has  become  solid  a  definite  quantity  of  mercury,  C,  is  poured 
into  the  wider  limb,  which  runs  down  and  makes  contact  when 
fusion  occurs,  and  a  bell  rings,  giving  the  alarm  for  reading  off 
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the  temperature.     The  U-shaped  tube  B  is  placed  in  a  water- 
bath,  together  with  a  thermometer  F, 
_   *'■  and  is  heated  by  a  gas  or  spirit  flame. 

A  method  for  determining  the  fusing 
point,  much  used  in  ceresin  factories,  has 
been  introduced  by  Kietzinsky.  A 
glass  rod  is  bent  in  a  sharp  angle  so 
that  it  can  be  up  to  the  centre  sus- 
pended in  a  beaker.  A  piece  of  ceresin, 
Japanese  wax,  etc.,  is  melted  on  in  the 
sharp  angle,  the  beaker  filled  so  far  as 
requisite  with  water,  and  the  water 
heated.  Previously  a  thermometer 
fixed  to  a  stand  is  inserted  in  the  water 
directly  up  to  the  angle  where  the 
ceresin  or  wax  is.  When  the  water  is 
heated  so  far  that  the  ceresin  melts  ofT, 
the  temperature  is  read  off,  and  this  is 
taken  as  the  fusing  point. 

The  fusing  point  may  also  be  con- 
veniently determined  with  very  accurate 
results  in  an  analogous,  but  reverse 
manner  a.s  the  freezing  point,  A  sim- 
ilar arrangement,  Fig.  29,  is  used,  the 
only  difference  being  that  the  thermom- 
eter is  graduated  from  o*^  to  100°  C. 
The  instrument  may  also  be  used  for 
the  determination  of  the  solidifying 
point  and  the  evolution  of  heat  taking 
place  thereby. 

iNCTRCHENT  FOR  THE  DETER-      For  usc  thc  fat,  ctc,  in  a  semi-fluid 
and^wudifvinc'toin^'"*^  ^^^"^^  '^  brought  into  the  test-tube,  and 

^.t«..hibe;J,.h«niomet«.  after  placing  the  thermometer  in  posi- 
tion, is  gradually  cooled  in  the  manner 

described  on  p.  71.     Water  in  a  beaker  is  then  gradually  heated, 

the  test-tube  slowly  moved  in  it  to  and  fro,  and  the  initial  and 

ultimate  points  of  fusion  determined. 
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Solidifying  point.  This  is  the  temperature  at  which  more  or 
less  solid  fats  ^  etc.^  after  fusing^  pass  again  into  the  solid  state  at 
an  ordinary  temperature. 

The  determination  of  the  solidifying  point  is  of  greater  im- 
portance than  that  of  the  fusing  point,  since  the  fats,  in  passing 
from  a  fluid  into  a  sohd  state,  exhibit  a  very  peculiar  behavior. 

It  may  be  accepted  as  a  general  rule  that  the  fusing  and 
solidifying  points  of  a  substance  are  identical,  which,  however, 
is  not  the  case  with  fats,  paraffins,  etc. 

During  the  solidification  of  the  fats  an  increase  of  tempera- 
ture always  takes  place,  a  fact  already  observed  by  Chevreul. 

All  actual  fats,  so-called  glycerides,  exhibit  the  remarkable 
though  abnormal  behavior,  that  under  ordinary  circumstances 
they  solidify  after  fusing  at  a  temperature  more  or  less  below 
the  fusing  point.  This  property  distinguishes  them  from  other 
fat-like  substances  which  are  not  paraffins  or  glycerides,  but 
other  varieties  of  ethers ;  for  instance,  bees*  wax  and  spermaceti, 
which  solidify  immediately  below  the  fusing  point. 

Another  peculiarity  of  fats  is  that  when  remelted  after  solidi- 
fying they  do  not  solidify  at  the  same  temperature  as  before, 
and  that,  when  overchilled,  they  remain  perfectly  fluid  even 
several  degrees  below  their  true  solidifying  point,  but  then 
suddenly  solidify  under  liberation  of  heat.  Water  shows  a 
similar  phenomenon  of  overchilling;  by  frost  and  complete 
quiet  it  can  cool  down  to  several  degrees  below  the  freezing 
point  without  freezing. 

If  fat  is  healed  to  above  its  fusing  point  and  then  allowed  to 
cool,  its  solidifying  point  lies  close  to  the  fusing  point.  In  this 
case  there  is  frequently  no  increase  of  temperature. 

All  these  peculiarities  render  observations  as  to  the  solidify- 
ing points  extremely  inaccurate,  and  are  the  cause  why  authors 
differ  very  much  in  regard  to  them. 

For  the  determination  of  the  solidifying  points  the  small  glass 
tubes  closed  on  one  end,  used  for  determining  the  fusing  point, 
can  be  employed  by  combining  the  determination  of  the  fusing 
point  with  that  of  the  solidifying  point,  i.  ^.,  the  water  is  allowed 
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to  cool  and  the  degree  noted  at  which  the  fat  becomes  again 
opaque.  To  observe,  at  the  same  time,  the  rise  in  temperature 
during  solidification,  it  is  only  necessary  to  introduce  a  ther- 
mometer into  the  carefully  melted  fat  and  observe  the  variations 
of  temperature,  taking  into  consideration  that  the  quicker  a  fat 
congeals  the  greater  the  consequent  rise  in  temperature,  and, 
vice  versa,  the  slower  the  process  of  congealing  the  less  per- 
ceptible the  rise  in  the  temperature  will  be. 

In  using  the  previously  described  instrument,  Fig.  29,  it  is, 
therefore,  best  to  note  the  solidifying  point  immediately  after 
determining  the  fusing  point.  For  this  purpose  the  test-tube  is 
taken  from  the  beaker  and  the  solidifying  point  established 
while  slowly  moving  the  tube  to  and  fro  in  the  air. 

Boiling  point, — Fats  and  oils  have  no  fixed  boiling  points.  At 
the  apparent  boiling  point  decomposition  commences,  with 
evolution  of  various  gases  and  noxious  vapors,  which  readily 
ignite  and  burn  with  a  bright  flame.  Generally  speaking,  fat 
oils  boil  at  280°  to  300°  C.  (536°  to  572^  F.),  and  solid  fats  at 
300°  to  325°  C.  (572°  to  617°  F.) 

During  the  progressive  changes  in  the  temperature  an  actual 
boiling,  I.  e,y  an  ebullition  as  in  water,  is  not  observed,  but  ac- 
cording to  the  degree  of  heating  only  a  more  or  less  strong 
spurting  takes  place,  which  at  the  same  time  indicates  decom- 
position. 

The  decomposition  of  fats  and  oils  is  considerably  influenced 
by  more  rapid  or  more  careful  heating. 

From  the  fact  that  fats  and  fat  oils  have  no  permanent  boiling 
points,  but  undergo  decomposition,  it  follows  that  they  are  not 
volatile ;  they  can,  however,  be  distilled  in  a  vacuum  without  suf- 
fering decomposition. 

Expansion, — ^With  an  increase  of  1°  C.  (1.8°  F.)  the  expan- 
sion of  1000  volumes  amounts  in  olive  oil  to  0.83  volume,  in 
rape  oil  to  0.89,  and  in  train  oil  to  i.  It  must,  however,  be  re- 
marked that  the  freezing  of  oils  is  also  connected  with  an  in- 
crease in  volume,  i.  r.,  expansion,  which  may  be  of  such  a  de- 
gree as  to  cause  the  barrel  to  burst. 


PHYSICAL   PROPERTIES   OF  FATS   AND   OILS. 


8l 


Thus  looo  quarts  of  olive  oil  measured  in  winter  at  32^F. 
and  in  summer  at  68^  F.  increase  to  1016.6  quarts,  the  same 
quantity  of  rape  oil  to  101 7.8  quarts,  and  the  same  quantity  of 
train  oil  to  1020  quarts. 

When  the  sale  of  oil  is  effected  by  measure  and  not  by  weight, 
the  property  of  expansion  has  to  be  duly  considered. 

The  influence  of  the  temperature  upon  the  specific  gravity  is 
shown  by  the  following  determinations  of  Saussure: — 


Names  of  Oils. 


Xmofl.... 
Ahnond  oil 
Unseed  oil 
Castor  oil  . 
Olire  oil  .. 


At  12°  C.  1  At  250  C.     At  50O  C.  j   At  90°  C. 
(53.6°  F.)  I    (77^ F.)      (122^  F.)     (194^  F.) 


0.928 
0.920 

0.939 
0.970 

0.919 


0.919 

0.930 

0-957 
0.91 1 


0.921 
0.893 


0.871 
0.863 
0.881 
0.908 
0.862 


Drying  of  oils  {see  also  linseed  oil) ,  By  exposure  to  the  jair 
the  oils  absorb  oxygen  and  remain  either  fluid — become  rancid 
—or  dry^  whereby  a  disagreeable  odor  is  evolved.  During  the 
process  of  becoming  rancid  a  decomposition  into  fatty  acids 
and  glycerin  takes  place ;  but  in  drying,  a  process  of  combus- 
tion, the  oils  absorb  oxygen  while  at  the  same  time  yielding 
carbonic  acid.  The  property  of  drying  varies  according  to  the 
composition  of  the  oils,  Chinese  wood  oil  or  tung  oil  drying 
in  the  shortest  time,  next  linseed  oil,  etc.  Castor  oil  stands  on 
the  line  between  drying  and  non- drying  oils. 

To  test  oils  as  to  their  drying  capacity,  coat  one  side  of  a 
glass  plate  with  a  film  of  oil  and  let  it  stand  in  a  warm  place. 

According  to  Livache  the  absorption  of  oxygen  is  much 
quickened  by  the  addition  of  precipitated  metallic  lead.* 

The  general  physical  properties  of  fats  and  oils  are  only  of 
relative  value.     An  oil  obtained  from  one  and  the  same  fruit 


*  IVecipitated  from  lead  acetate  solution  and  rapidly  washed  in  succession  with 
vtter,  alcohol  and  ether,  and  finally  dried  in  vacuo. 
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may  possess  entirely  different  properties  according  to  whether 
it  has  been  expressed  or  extracted. 

Oil  expressed  from  the  same  kind  of  seed  may  also  possess 
different  physical  proptnties,  as  shown,  for  instance,  by  the  fol- 
lowing differences  in  the  specific  gravities : 


Freshly-expressed  poppy  oil.. 

sesami  oil  > 


M 


First  pressure. 

Specific  gravity 

at  59^  ^ 


F. 


0.9258 
0.9200 


Second  pressure. 

Specific  gravity 

at  59®  F. 


0.9285 
0.9250 


On  the  other  hand,  an  Indian  peanut  oil  of  the  first  and 
second  pressures  showed  incidentally  the  same  specific  gravity 
=  0.9185  at  59°  F. 

The  physical  properties  of  oils  are  further  influenced  by  the 
mode  of  expression,  whether  cold  or  warm,  at  what  pressure, 
whether  filtered  cold  or  warm,  or  clarified  by  standing,  etc. 

For  the  reasons  above  mentioned  the  fusing  points,  etc.,  of 
fats  are  also  subject  to  variations,  most  animal  fats  e^diibiting 
such  variations  according  to  the  season  of  the  year  when  ob- 
tained, mode  of  feeding  the  animals,  etc. 
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Frqm  the  foregoing  tables  it  will  be  seen  how  erroneous  it  is 
to  associate  the  fusing  point  and  the  solidifying  point,  as  is  un- 
fortunately the  case  in  commerce. 

Refraction, — If  a  ray  of  light,  i.  ^.,  the  direction  in  which  a 
wave  of  light  progresses,  passes  from  one  medium  into  another, 
it  is  deflected  from  its  original  direction.  The  angle  formed  by 
the  portion  of' the  ray  of  light,  penetrating,  into  thesecond  med- 
ium, with  the  prolongation  of  its  former  direction,  or  the  deflec- 
tion of  the  ray  by  refraction,  is  dependent  on  the  nature  of  the 
two  media,  as  well  as  on  the  color  of  the  light,  so  that  a  ray  of 
light,  which  is  a  mixture  of  several  colors  is  by  refraction  de- 
composed to  its  elementary  colors.  For  the  passage  of  light  of 
a  single  color,  from  air  into  a  fixed  fluid,  the  proportion  between 
the  sine  of  the  angle  of  incidence  and  the  angle  of  refraction  is 
constant  independent  of  the  magnitude  of  the  angle  of  incidence : 

.— j=n.  i.=  angle  of  incidence,  /j  =  angle  of  refraction,  n  = 

proportion  of  fraction. 

This  proportion  changes  with  the  nature  of  the  fluid  and  must 
therefore  be  considered  a  characteristic '  property,  which  is 
called  the  index  of  refraction. 

Opinions  are  much  divided  regarding  the  value  of  optical 
methods  for.  obtaining  reliable  points  in  judging  the  purit}'  of  a 
fat.  Strohmer*,  especially,  is  of  the  opinion  that  the  refractive 
indices  of  oils  depend  too  much  on  their  age  and  the  mode  of 
obtaining  them.  On  the  other  hand,  Alexander  Miillerf  and 
Skalweit,t  recommend  the  use  of  a  refractometer  for  the  exam- 
ination of  butter,  and  Amagat  and  Jean,§  consider  this  method 
of  testing  of  great  importance  for  the  examination  of  fluid  and 
solid  fats,  and  especially  also  of  butter. 

For  the  determination  of  the  index  of  refraction,  Abbe's  Re- 
fractometer, Figs.  30  and  3 1 ,  is  made  use  of.     It  consists  essen- 

*  Zeitschrift  fiir  Zuckerindustrie,  1889,  189. 

t  Archiv  der  Pharmacie,  1886,  210. 

X  Repertorium  der  analytischen  Chemie,  1886,  181  and  235. 

§  Compt.  rend.,  1889,  109,  616;  and  Mon.  scientif.  1890,  215  and«-t890,  346. 
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tially  of  a  double  prism,  a  telescope,  an  arrangement  for 
measuring  the  angle  and  a  compensator.  The  instrument  is 
easy  of  manipulation,  and  but  little  time  for  making  the  exami- 
nation is  required.  Although  the  test  can  only  be  a  compara- 
tive one,  adulteration  of  oils,  etc.,  may  be  established  by  the 
refractometer. 

Flo.  30. 


The  apparatus  is  operated  as  follows :  Fine  tissue  paper  of 
rather  heavy  body  is  cut  into  rectangular  pieces  3  centimeters 
in  length  by  1.5  centimeters  in  breadth.  One  of  these  pieces 
of  paper  is  placed  on  the  lower  of  the  two  glass  prisms  of  the 
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apparatus.  Two  or  three  drops  of  the  oil  or  the  fat  to  be  ex- 
amined are  placed  upon  the  paper  and  the  upper  prism  care- 
fully placed  in  position  so  as  not  to  move  the  paper  from  its 
place.  In  charging  the  apparatus  with  the  oil  in  this  way  it  is 
placed  in  the  horizontal  position.  After  the  paper  disk  hold- 
ing the  fat  is  secured  by  replacing  the  upper  prism,  the  appa- 
ratus is  placed  in  its  normal  position  and  the  index  moved  until 
the  light  directed  through  the  apparatus  by  the  mirror  shows 
the  field  of  vision  divided  into  dark  and  h'ght  portions.  The 
dispersion  apparatus  is  now  turned  until  the  rainbow  colors  on 
the  part  between  the  dark  and  light  field  have  disappeared. 
Before  doing  this,  however,  the  telescope,  the  eye-piece  of  the 
apparatus,  is  so  adjusted  as  to  bring  the  cross-lines  of  the  field 
of  vision  distinctly  into  focus.  The  index  of  the  apparatus  is 
now  moved  back  and  forth  until  the  dark  edge  of  the  field  of 
vision  falls  exactly  in  the  intersection  of  the  cross-lines.  The 
refractive  index  of  the  fat  under  examination  for  the  Frauen- 
hofer  line  D  is  then  directly  read  upon  the  scale  by  means  of  a 
small  magnifying  glass.  To  check  the  accuracy  of  the  first 
reading,  the  dispersion  apparatus  should  be  turned  through  an 
angle  of  i8o^  until  the  colors  have  again  disappeared,  and  the 
scale  of  the  instrument  is  again  read.  These  two  readings 
should  fall  closely  together,  and  their  mean  is  the  true  reading 
of  the  fat  under  examination. 

With  solid  fats  it  has  to  be  taken  into  consideration  that  the 
index  of  refraction  cannot  be  taken  at  the  ordinary  room  tem- 
perature, but  must  be  determined  at  temperatures  at  which 
they  remain  fluid.  The  fat  is  melted,  and  after  thorough  stir- 
ring a  drop  of  it  is  placed  upon  the  prism  and  the  refracto- 
meter  placed  in  a  room  having  the  desired  temperature,  for 
instance,  122°  F.  The  temperature  should  be  maintained  at  a 
constant  point.  The  apparatus  may  also  be  placed  on  the  top 
of  an  air-bath  maintained  at  a  constant  temperature,  and  should 
be  allowed  to  remain  on  the  bath  for  at  least  one  hour  before 
work  is  commenced.  If  necessary  it  can  be  protected  with  a 
hood,  the  side  next  to  the  window  being  provided  with  an 
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opening  for  admitting  the  light,  and  the  one  next  the  operator 
being  entirely  open.  The  thermometer  should  rest  with  the 
bulb  as  closely  as  possible  applied  to  the  metallic  casing  of  the 
prisms  of  the  instrument.  The  temperature  marked  by  it  is 
much  lower  than  that  of  the  space  between  the  prisms  occupied 
by  the  film  of  fat  under  examination. 

When  the  temperature  of  the  refractometer  on  the  air-bath 
has  become  constant,  the  refractive  index  is  read  oflf  at  that 
temperature  and  reduced  to  the  standard  of  25^  C.  {jy^  F.) 
Since  the  refractive  power  decreases  with  a  rising  temperature, 
the  values  determined  at  higher  temperatures  have  to  be  cor- 
respondingly increased.  H.W.  Wiley  gives  the  factor  for  each 
degree  C.  as  0.000176.  If,  for  instance,  the  refractive  index  of 
butter-fat  at  32.4^  C.  has  been  found  =  1.4540,  it  has  to  be  in- 
creased 32.4 — 25  z=r  7.4  X  0.000176  -rr  0.0013,  hence  ^  I.4SS3. 
If  instead  of  the  normal  number  1.3330,  water  at  25°  C.  has 
only  shown  1.3300,  0.0030  is  added,  the  refractive  index  at 
25°  C.  thus  being  1.4583. 

The  appended  table  contains  the  refractive  indices  of  various 
oils  at  20°  C,  according  to  Abbe. 


Refractive  Indices  of  Various  Oils. 
At  20^  C.  Water  =  1.3330. 


Names  of  Oils. 


Index. 


Names  o(  Oils. 


Index. 


Almond  oil i  w|.8io    Lubricating  oil,  Russian 14870 

Beechnut  oil '  1.5000   1  Olive  oil I    1.4690 

Butter  olein 14638  j  Paraffin  oil 14740 

Castor  oiL ;  1.4900  |  Petroleum 14750 

Cod-liver  oil r48oo   'Poppy  oil 14670 

Colza  oil \  14750  ||Rape-8eed  oil 1    14720 

Cotton-seed  oil,  crude 
Cotton-seed  oil,  refined 

Fish  oil 

Linseed  oil 


.  «  a  •  •   a  . 


1.4732  'Right  whale  oil .^ \  .  1.4830 

1.4748  .'Spermaceti  oil 14700 

14750    Walnut  oil 14910 

M7S0 1 


94  ANIMAL  AND  VEGETABLE  FATS  AND  OILS. 

Refractivs  Indices  of  Fats. 


Names  of  Fats,  etc. 


Fused: 

Tallow 

Wax,  yellow 
Wax,  white . 
Spennaceti. . 


Index. 


1460 

M53 
1.462 

1^46 


Strohmer*  has  determined  the  refractive  indices  of  a  number 
of  oils  with  Abbe's  refractometer.  From  the  appended  table 
drawn  up  by  him,  it  will  be  seen  that  the  drying  oils  possess 
considerably  greater  refractive  power  than  the  non-drying  oils ; 
castor  oil  alone  having  a  refractive  index,  close  to  that  of  the 
drying  oils.  Of  the  non-drying  oils,  olive  oil  has  the  lowest 
refractive  index,  the  latter,  however,  appearing  to  be  also  de- 
pendent on  the  age  and  mode  of  obtaining  the  oil.  For  an 
explanation  of  the  table,  it  may  be  remarked  that  the  column, 
•rf,  gives  the  differences  between  the  refractive  indices  of  the  oils 
and  of  water,  thus  being  independent  of  small  adjusting  errors 
of  the  apparatus.  On  the  other  hand,  the  readings  must  be 
at  the  temperatures  for  which  the  table  is  designed,  the  refract- 
ive indices  of  oils  being  more  influenced  by  variations  in  tem- 
perature than  the  refractive  index  of  water. 

*Zeitschrift  ftir  Zuckerindustrie,  18S9,  189. 
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Table  of  Refractive  Indices  of  Oils  according  to  Strohmer. 


Oil  or  Fat 


Olive  oil 

Olire  oil 

Sesami  oil 

Sesamft  oil 

Cotton-teed  oil . . . 
Cotton-seed  oil . . . 
Cotton-seed  oil . . . 

Colza  oil 

Colza  oil 

Rape  oil 

Rape  oil  ••■■*>-•... 

Castor  oil 

Castor  oil 

Linseed  oil 

Poppy  oiL 

Liver  oil 

Liver  oil 

Cod-liver  oil 

Fish  oil 

Water 

Petroleum < 

Mineral  lubricat- 
ing oil 

Mineral  lubricat- 
ing oiL ■• 


s  Remarks. 


Refractive  Index. 


At i6°  C. 
°D  16°  C. 


Virgin  oil  from  Triest  •  • . 
Dalmatia  inferior  oil  • . . . 

Fresh 

French,  9  years  old 

American,  best  quality  • . 
Trade  Mark,  Marginis  • . 
From  Triest,  7  years  old . 

3  years  old 

Freed  from  add 

Refined,  7  years  old 

Pressed  from  fall  rape.  •  • 

Cold  pressed 

Warm  pressed 

Cold  pressed 

M  Oiler's  original 

Blonde 

Kaiserdl.  sp.  gr.  0.7897 
ati5°C 

Russian,  sp.  gr.  0.9058  at 
15°  C 

Sp.  gr.  0.9066  at  15^  C. 


a. 


4700 
4702 

4748 
•4755 
•4743 
•4729 
•4735 
.4733 
4718 

.4727 

4747 
4786 

.4809 

•4834 

•4779 
.4841 

4791 
•4785 


1-3330 


At  140  C. 
°Di4®C. 


b. 


4696 
4704 
.4748 
4768 
4761 

•4734 

4751 

4731 
.4721 

4725 
4767 
4803 

4796 

4836 

.4787 
4862 

4809 

4792 

4790 

•3330 


At  i5<»  C. 

mean 

from  a. 

and  b. 

"Di5"C. 


c. 


.4698 

4703 
4748 
4762 

4752 
4732 

4743 
.4732 
4720 
4726 

4757 

4795 

4803 

4835 

4783 
4852 

.4800 

4789 
4790 
•330 

4376 

4942 

.9443 


S80 
£^  *o 

7»  •ff  ►* 
V   2    O 

8«tt    «    " 


d. 


0.1368 

0-I373 
0.1418 

0.1432 

0.1422 

0.1402 

0.1413 

0.1402 

0.1390 

0.1396 

0.1427 

0.1465 

0.1473 

0.1505 

0.1453 
0.1522 

0.1470 

0.1459 
0.1460 


0.1046 
0.1612 
0.1613 


In  the  Paris  Municipal  Laboratory  an  oleorefractomeier  with  a 
special  scale,  Fig.  32,  constructed  by  Amagat  and  Jean,  is  used 
for  the  determination  of  the  refractive  power  of  oils. 

The  cylindrical  metalic  vessel  B  is  provided  with  two  aper- 
tures opposite  to  one  another,  which  are  closed  by  the  glass 
plates  D  D^  in  front  of  which  are  placed  the  lenses  E  E.  Over 
the  tubes  containing  the  lenses  are  pushed  the  metallic  tubes 
L  Z,  one  of  them  being  on  one  end  provided  with  the  sight  G^ 
while  the  other  holds  the  telescope  J.  Inside  of  the  tube  in 
front  of  the  lens  is  placed  a  photographic  scale  H.     A  valve  AT 


96  ANIMAL  AND   VEGETABLE   FATS   AND   OILS. 

in  G,  divides  the  incident  ray  of  light  into  two  portions,  one  of 
which  is  somewhat  shaded.  From  the  position  of  the  dividing 
line  of  light  and  shadow  the  deflection  of  the  light  is  read  oR. 
A  gas  flame  serves  as  the  source  of  light.  In  the  centre  of  the 
vessel  B,  is  placed  another  cylindrical  vessel  A,  in  the  walls  of 
which  two  glass-plates  C,  are  so  arranged  as  to  form  the  sides 
of  a  prism.  Both  vessels  are  provided  with  outlet  contrivances. 
If  both  vessels  are  filled  with  the  same  kind  of  fluid,  the  shad- 
owy boundary  is  thrown  by  the  prism  upon  the  O  point  of  the 

Frc.  3a. 


AHAGAT   AND  JEAN'S  OLBOitEF1lACTOWETE>. 

,4  A  meUllic  veMeli;  C Z>  A gl>M-platet  1  f  £,  leniet;  F,  tube;  C,  tight;  /^,  tcalc; 
7,  telcKopei  A*,  v*l*e;  LL,  meUlliclubct;  itf,  vtlve*;   O,  Up. 

scale.  For  the  outer  vessel  Jean  uses  an  oil  mixture  which  does 
not  deflect  light.  Before  making  the  test,  both  vessels  are 
tilled  with  this  oil  mixture,  and  the  shadowy  boundary  fixed  at 
O,  if  it  does  not  fall  there  by  itself.  The  inner  vessel  is  then 
emptied  and  filled  with  the  sample  of  oil  to  be  tested.  The 
temperature  of  the  sample  of  oil  is  brought  to  and  maintained  at 
22°C.  (71.6°  F,),  by  warm  water  in  the  jacket  surrounding  the 
vessel.  The  deflection  is  read  off  from  a  scale  divided  into  too 
degrees.  The  following  oils  have  been  examined  with  this  appa- 
ratus : 
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Refractive  Indices  of  Various  Oils  with  the  Oleorefractometer. 


N«mes  of  Oils. 

Almond  oil 

Batter 

Cutor  oil 

OAzz  oil 

Cotton-seed  oil ... . 
Hempseed  oil  .... 
Hone-foot  oil  .... 

Lard  oil 

Linseed  oil 

Maize  ofl 

Margarin 


Scale— degrees. 

+6.5 

— 35-0 
-1-40.0 

-J-16.5-17.5 

-|-ao«o 

-f33.o 
— 12.0 

—12.5 

+  53.0 

f  27.0 

— 15.0 


Names  of  Oils. 

Neat's  foot  oil  .... 

Oleic  -acid 

Olive  oil 

Peanut  oil 

Poppy  oil 

Sesam^  oil 

Sheep's  trotter  oil  . 
Spermaceti  oil  . . . . 
Suet  (ox  tallow)  . . 
Tallow  (sheep)  . . . 


Scale — d^rees. 


—30 

—34-0 
f  1.5-2.0 

-•■4-5 
+30.0-34.0 

-hi  7.0 

— 1 0.0 

— 12.0 

— 16.0 

— 20.0 


According  to  the  above  table,  vegetable  oils  give  deflections 
to  the  right  and  animal  oils  to  the  left.  Rosin  oil  added  to 
vegetable  oils  may  be  recognized  by  the  decrease  in  deflection. 

Lobry  de  Bruijn  and  Von  Leent*,  have  obtained  with  various 
fats  deflections  which,  with  the  exception  of  sesame  oil,  satis- 
factorily agreed  with  those  observed  by  Jean. 

Spectrum  phenomena. — ^J.  Miiller  sometime  ago  noticed,  that 
many-  vegetable  oils  show  the  chlorophyl  ribbon,  and  that  it 
may  be  recognized  in  a  mixture  of  vegetable  oils  with  foreign 
substances,  for  instance  animal  oils. 

Olive  and  linseed  oils  give  three  absorption  spectra,  one  very 
dark  into  red,  a  slight  one  into  orange,  and  a  somewhat  stronger 
one  into  green.  Sesame  oil  only  shows  a  slight  ribbon  into  red, 
and  castor  oil  none. 

Doumerf  divides  the  oils  according  to  their  spectra  into  four 
groups : 

1.  Oils  which  give  the  spectrum  of  chlorophyl:  Olive, 
hemp-seed,  nut  oils. 

2.  Oils  which  absorb  no  portion  of  the  spectrum:  Castor 
oil,  almond  oil  (from  sweet  as  well  as  from  bitter  almonds). 

3.  Oils  which  absorb  all  chemically  active  rays :  Red,  orange, 
yellow  and  half  of  the  green  remain  unchanged ;  all  the  rest  is 
absorbed :     Rape,  colza^  linseed,  mustard  oils. 

*  Revue  intemat.  des  fats.,  1891,  4,  84. 
tChemiker  Zeitttng,  9,  534. 
VOU  I — 7 
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4.  This  group  seems  to  be  a  modiiication  of  3.  The  absorp- 
tion appears  in  ribbons  in  the  chemically  active  part  of  the  spec- 
trum:     Sesame,  peanut,  poppy,  cotton-seed  oils. 

The  absorption-spectra. observed  depend,  of  course,  on  the 
nature  of  the  coloring  matter  in  the  oils,  and  for  this  reason 
this  method  possesses  no  greater  degree  of  reliability  than  the 
color  reaction  appearing  in  mixing  oils  with  acids,  alkalies,  etc. 

Action  of  polarized  light.  Bishop*  and  Peter,t  test  liquid 
fats  in  a  Laurent  polarimeter,  in  a  tube  20  centimeters  long,  at 
13°  to  15°  C.  (55.4  to  59*^  F.).  Turbid  oils  are  first  filtered, 
and  dark  oils  decolorized  with  animal  charcoal. 

Polarizing  Power  of  Some  Oils. 


Naoms  of  Oils. 


Almond  oil 

Apricot  kernel  oil 

Castor  oil 

Charlock  seed  oil 

Cod -liver  oil    1  pale  yellow 
medicinal )  yellow .... 

Colza  oil 

Cotton- seed  oil,  purified. . . . 

Linseed  oil 

Olive  oil,  table 

Peanut  oil 

Poppy-seed  oil 

Rosin  oil 

Seal  oil 

Sesam^  oil 


Deviation,  qg^  F. 

;  Specific   Gravity 
at  59^  F. 

Right 

Left. 

0.9185 

—0.2 

0.9150 

— 0.2 

0.9163 

-H9.8 

— 

0.9150 

— 

— 

0.9210 

+0.7 

— 

0.9230 

-ho.5 

— 

0.91 10 

— 

-0-3 

0.9263 

— 

0.9290 

— 

—0.2 

0.9177 
0.9180 

-I- 0.2 

— 

—0.1 

0.9252 

-f-O.I 

— 

0.9000 

-f  310 

— 

0.9160 

— 

— 

r  0.9122 
10.9123 

+1.1 

— 

■\-lJO 

According  to  Peter's  investigations,  most  vegetable  oils  are 
slightly  levogyrate,  especially  almond,  colza,  hemp-seed,  lin- 
seed and  poppy  seed  oils.  Nut  oil  is  inactive,  peanut  oil  gen- 
erally levogyrate  and  sometimes  slightly  dextrogygrate.  More 
than  100  samples  of  olive  oil  proved  slightly  dextrogyrate,  so 


*  Jour  Phar.  Chim.  16,  300. 
fChem.  Zeitung,  1887,  267. 
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that  adulterations  with  the  oils  named  are  claimed  to  be  recog- 
nizable by  the  altered  power  of  rotation.  Remarkable,  how- 
ever, is  the  high  power  of  rotation  of  croton  oil  (+43°  by  the 
saccharometer),  and  of  castor  oil  (+40.70). 

Microscopical  examination.  The  use  of  the  microscope  for 
the  examination  of  oils  and  fats  has  not  been  suflUciently  per- 
fected to  allow  of  general  rules  being  given.  Particulars  are 
found  under  the  separate  fats,  etc. 

Electrical  conductivity.  The  solid  fats  are  non-conductors  of 
electricity,  the  fat  oils  bad  conductors,  like  olive  oil,  or  semi- 
conductors, like  poppy-seed  oil,  etc.  Various  attempts  to  uti- 
lize the  conducting  power  of  oils  for  the  purpose  of  detecting 
adulterations  have  been  made,  especially  by  Palmieri,  who  has 
constructed  a  special  instrument,  called  a  diagometer^  with  which 
it  is  claimed  olive  oil  can  be  readily  tested  as  to  its  purity. 


CHAPTER  V. 

CHEMICAL  CONSTITUTION,  CHEMICAL  DECOMPOSITION,  ETC.,  OF 

FATS  AND  OILS. 

I.  Chemical  Constitution. 

The  fats  and  fixed  oils  constitute  a  well  marked  and  import- 
ant group  of  organic  compounds,  which  exist  abundantly  both 
in  the  animal  and  vegetable  kingdoms.  A  remarkable  feature 
in  their  history  is  the  close  resemblance  in  chemical  composi- 
tion and  properties  which  exists  between  them ;  one  of  their 
principal  characteristics  being  that  they  are  rich  in  carbon  and 
hydrogen  and  poor  in  oxygen.  The  vegetable  fats  are  identi- 
cal with  those  occurring  in  the  animal  kingdom,  and  differ  from 
the  mineral  oils  by  their  greater  content  of  oxygen,  some  of 
the  latter  containing  only  traces  of  oxygen  in  the  form  of 
naphthene  acid  =  CnHjn.aO,. 

Of  the  animal  fats,  horse  fat  shows  the  highest  content  of 
carbon,  and  butter  fat  the  lowest.  This  is  explained  by  the 
fact  that  beside  the  glycerides  of  the  acids  with  a  high  content 
of  carbon,  there  are  present,  in  butter,  glycerides  of  the  acids 
with  a  low  content  of  carbon,  as  butyric  acid  and  capric  acid. 
It  is  not  known  to  which  glycerides  the  high  content  of  carbon 
in  horse  fat  is  ^ue. 

The  organic  oils  contain  on  an  average : 

Carbon,  76  to  79  per  cent. 

Hydrogen,  11  to  13  per  cent. 

Oxygen,  10  to  12  per  cent. 

("loo) 
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Elementaky  Composition  of  Some  Fats  and  Oils. 


Name  of  Fat  or  OH. 


Be«cfa  Dut  oil 

Bees  wax 

Batter  fat 

Chinese  tallow.... 

Cacao  batter 

Cod-liver  oil 

German  sesam^  oil 

Hemp  oil 

Hemngdogoil... 

Horse  fat 

Homan  kidney  fat. 
Lard 


Linseed  oil 

Olive  on 

Poppy-seed  oil . . 
Rape-seed  oil... 

Spennaceti 

Saet  (ox  tallow). 
Tallow  (aheep). 


Carbon 

Hydrogen 

Oxygen 

percent 

per  cent. 

per  cent. 

81.80 

11.06 

13.83 

12.67 

5.54 

75-63 
82.31 

11.87 

12.50 

13.57 

4.12 

75.20 

11.90 

12.90 

75-91 

12.12 

11.87 

76.80 

11.50 

11.70 

j6xx) 

11.30 

12.70 

79.86 

1336 

6.77 

77.07 

11.69 

11.24 

76.80 

11.94 

11.26 

76.54 

11.94 

11.52 

78.00 

11.00 

11.00 

77.20 

11.30 

11.50 

76.63 

11.63 

11.74 

77.21 
80.18 

13.36 

9.43 

13-22 

6.60 

76.50 

II. 91 

11.59 

76.61 

12.03 

11.36 

Since  the  carbo-hydrates  are  considerably  richer  in  oxygen 
than  the  fats  and  oils,  the  conversion  into  starch  or  sugar  tak- 
ing place  during  germination  must  necessarily  be  dependent 
on  an  oxidizing  process  connected  with  the  absorption  of 
oxygen. 

All  vegetable  and  animal  fats,  with  the  exception  of  sperma- 
ceti and  waXy  contain  chiefly  as  principal  constituents  a  mixture 
in  various  proportions  of  three  varieties  of  fat,  namely  the  gly- 
cerides  slearin,  pa/mitin,  olein^  etc.,  their  consistency  being  also 
dependent  on  them. 

The  solid  fats  contain  chiefly  stearin  and  palmitin,  the  softer 
varieties  of  fat,  grease,  or  butter,  a  mixture  of  stearin  and  pal- 
mitin with  olein,  and  the  fat  oils,  predominantly  olein. 

The  principal  elucidation  of  the  nature  of  the  fats  we  owe  to 
the  labors  of  Chevreul,  which  commenced  in  18 12,  and  culmi- 
nated in  1823  in  the  publication  of  his  work,  **  Reckerches  sur 
Us  Corps  gras  d'Origine  Animale''  Since  then  others,  and 
particularly  Bertholet,  have  extended  his  researches,  and  in  the 
main  confirmed  their  correctness. 

According  to  Chevreul's  investigations  and  the  former  dual- 
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istic  theory,  fats  were  considered  salts,  and  written  analogous 
in  composition  to  inorganic  salts.  The  hypothecial  tribasic 
radical  "lypyl"  =  (C6H6)08  was,  according  to  Berzelius,  ac- 
cepted as  the  basis  in  the  fats,  which  on  decomposing  fat  with 
soda  or  potash  absorbs,  at  the  moment  of  liberation,  water,  and 
forms  lypyl  hydrate  or  glycerin  =  (C«Hd)0,.3H0. 


Fc,0,.3HO 

ferric  hydrate 


(C,H5)0,.3HO 
lypyl  hydrate 


Hence  according  to  the  former  theory : 

Stearin  =  lypyl  stearate 

Palmitin  =  lypyl  palmitate 

01ein=  lypyl  oleate. 

Some  fats,  as  castor  oil,  cocoanut  oil,  peanut  oil,  etc.,  con- 
tain special  peculiar  acids  fixed  on  lypyl. 

That  lypyl  absorbs  water  and  thereby  forms  lypyl  hydrate  or 
glycerin,  is  shown  by  the  examination  of  fats.  If  a  fixed  quan- 
tity of  fat,  previously  completely  dried,  is  treated  under  heat 
with  potash  or  soda  in  the  presence  of  water,  decomposition 
takes  place  and  a  salt — sodium  stearate — is  formed,  from  which 
the  fatty  acid  may  be  separated  by  the  addition  of  hydrochloric 
or  dilute  sulphuric  acid,  lypyl  hydrate  =  glycerin  remaining 
behind  in  the  fluid.  The  latter  is  evaporated  to  dryness  at 
140^  F.  and  from  the  residue  the  glycerin  extracted  with  abso- 
lute alcohol,  carefully  evaporated,  and  weighed.  If  now  the 
separated  fatty  acid,  previously  dried,  is  also  weighed,  the  sum 
total  of  both  weights-^of  the  glycerin  and  fatty  acid — is  not 
equal  to  that  of  the  fat  used,  but  a  few  per  cent,  higher,  the 
latter  corresponding  to  the  water  absorbed. 


Name  of  Fat  or  Oil. 

Glycerin. 

Fatty  Acids. 

Total. 

Cxoose  crcABe     .......... 

8.20  per  cent. 
8.82      " 
9.50      " 
8.62      « 

8.21  " 
8.00      " 

94.40  per  cent. 
95.90      " 
95.50      " 

96.53      " 
96.86      « 

95.00      «• 

102.60  per  cent. 
104.72      " 
105.00      " 
105.15      " 
105.07      '* 
103.00      " 

Lard 

Linseed  oil 

Olive  oil,  second  quality. . . 
Suet  ^ox  tallow') 

Tallow  rsheeo")   
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Theoretically  stearin  should  yield  106  per  cent,  stearic  acid 
and  glycerin,  but  in  the  saponification  of  fat  the  total  sum  al- 
ways varies  very  much,  because  all  the  bodies  in  the  fat  are  not 
saponified.  I  equivalent  stearin  =  890  parts  by  weight  ab- 
sorbs 6  equivalents  water  =54  parts  by  weight,  and  yields  i 
equivalent  glycerin  =  92  parts  by  weight  and  3  equivalents 
stearic  acid  =852  parts  by  weight.  The  total  of  glycerin  + 
stearic    acid    is  92  +  852  =  944.       Hence   890  parts  stearin 

•  1  1  1  *  QAd  X  100  ^    ^ 

yield  a  product  of  994  parts  or  -  ^^        .  _  =  100.00  per  cent. 

However,  in  the  fats,  wax,  spermaceti  and  wool  fat,  non- 
saponifiable  substances  are  present,  which  consist  partially  of 
mucus,  cholesterin  and  hydrocarbons ;  hence  the  difference. 

Non-Saponifiable  Substances  in  Fats,  Oils  and  Waxes. 


Name  of  Oil,  etc. 


Content,  per  cent. 


Afanond  o3 

Bees'  wax 

Cocoanut  oil ... . 
Cotton-seed  oil . . 
Hemp-seed  oil  .  < 
Japanese  wax  . . . 

Lard 

Linseed  oil 

Liver  oil,  pale . . . 
brown 


t* 


045 
52.50 

0.80 

1.85 

1.00 

1.20 

0.30 

1. 10 

0.30 

M5 


Olive  oil,  yellow . 

"         green  . 

Palm  oil 

Poppy  seed  oil  . . 
Rape  oil,  crude.. 

"         refined 

Sesam6  oil 

Spermaceti 

Tallow 


Content,  per  cent. 

0.80 
1.50 
1.25 
1.15 

1.30 
0.25 

0-35 
40.50 

0.50 


In  the  formulae  above  given  C==6,  0=8;  however,  in  the 
succeeding  formulae  the  atomic  weights,  C  =  12,  0=^  16,  etc., 
are  valid. 

The  opinion  already  expressed  by  Chevreul  jn  1822^  that  the 
fats  are  not  only  salt-like  combinations,  but  combinations  cor- 
responding to  compound  ethers,  has  been  confirmed  and  is  now 
generally  accepted. 

Chevreul  found  that  by  treating  fats  with  bases — potassium 
hydroxide,  KOH  (caustic  potash),  or  sodium  hydroxide,  NaOH 
(caustic  soda) — they  split  into  acid,  which,  with  a  portion  of 
the  modified  water,  NaOH  remains  united  with  the  sodium  = 
Na,  while  the  rest  assists  in  forming  hydroxyl=^(OH)  alcohol. 
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(C|,H^COO).C.Ht"'  3N1HO  _  3C„HaCOO.Nm       C;H,"'(0H). 

strario  Kxliiiiii  hydroxide      lodiuai  MMtMe  gljrceriD. 

The  decomposition  of  fat  by  an  alkali  does,  however,  not  take 
place  suddenly  and  throughout  the  entire  mass,  as  is  the  case 
with  an  inorganic  salt,  but  has  to  pass  through  several  phases, 
for  the  explanation  of  which,  and  also  to  show  the  artificial  for- 
mation of  fats,  it  is  necessary  to  briefly  refer  to  general  organic 
chemistry. 

An  entire  series  of  combinations,  called  "fatty  bodies"  or 
"marsh-gas  derivatives,"  are  united  in  one  group.  The  term 
"fatty  bodies"  is  applied  because  the  natural  fats  and  allied 
combinations  belong  to  this  group. 

With  the  first  fundamental  hydrocarbon — marsh  gas  or  me- 
thane, CH, — is  associated  an  entire  series  of  hydrocarbons  hav- 
ing the  general  formula  CoH„  ■ ,.  The  lowest  members  of  this 
series  are  gases,  the  medium  ones  colorless  liquids  regularly 
increasing  in  boiling  point,  and  the  highest  solid  crystalline 
bodies  called  parafHnes. 


Methane 

Ethane 

Heptane'..'.....!!!!!! 

OcUne 

Nonane 

Endecane  

Dodecuie 

Tridecane 

Tetradectne 

Fenudecane 

Hekdecane 

Oclodecane 

Eicoiane 

IVicoHne 

Pentacoiane 

Heptacoune  =  FBrafiin 
Paraffin 
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Each  member  of  the  above  series  differs  from  the  preceding 
by  CH,.     Such  a  series  is  called  a  homologous  series. 

The  chemical  character  of  all  members  of  a  homologous  ser- 
ies is  the  same,  i.  ^.,  they  are  either  all  hydrocarbons,  or  all 
alcohols,  or  all  acids,  etc. 

The  above  hydrocarbons  only  occur  ready  formed  in  Ameri- 
can petroleum. 

These  hydrocarbons  cannot  absorb  any  further  atoms  of 
hydrogen,  and  are,  therefore,  termed  "saturated  hydrocarbons." 
Their  radical. 

Methyl  CH„ 
Ethyl    QHj, 
Propyl  CjHt,  etc., 

is  univalent  as  a  distinction  from  the  **  non-saturated  hydrocar- 
bons" of  the  general  formula  CnHan: — 

• 

Ethene  or  defiant  gas  CsHe, 
Propylene  CsHa, 

Butylene  CiHg, 

Amylene  C5H10,  etc., 

whose  radicals  are  dyads,  and  which  by  the  absorption  of  hy- 
drogen can  be  converted  into  saturated  combinations.  Further 
non-saturated  hydrocarbons  of  the  formula  CnHan— a>  are: — 

Acetylene  C,H, 
Allylene  C,H4 
Crotonylene  CiHe 
Valerylene     CsHg. 

In  the  saturated  hydrocarbons  the  hydrogen  can,  however,  be 
replaced  by  other  elements,  for  instance,  chlorine,  bromine, 
iodine,  etc.,  whereby  homologous  series  of  derivatives  of  chlor- 
ine, bromine,  iodine,  etc.,  are  formed. 
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CH4       methane, 
CH,C1  methyl  chloride, 
CHjCl]  methylene  chloride, 
CHCls  methylene  chloroform, 
CCI4      carbon  tetrachloride. 


CtH«      ethane, 
CHsCl  ethyl  chloride, 
CH^Clj  ethylidene  chloride, 
CHjClj  ethylene  chloroform,  or 
ethyl  trichloride. 


CjHg       propane 
CjHtCI  propyl  chloride 
C,H«C1,  propylene  chloride 
QHsClj  propyl  trichloride. 

The  non-saturated  hydrocarbons  treated  with  chlorine,  bro- 
mine, or  iodine  are  first  converted  by  absorption  into  saturated 
combinations,  substitution  taking  place  later  on. 

With  these  chlorine  combinations  one  is  enabled  to  form  the 
alcohols,  acids,  ethers,  compound  ethers,  or  esters. 

By  the  action  of  methyl  or  ethyl  chloride  upon  a  modified 
water,  such  as  sodium  hydroxide  NaOH,  a  split  takes  place, 
sodium  chloride  being  formed  and  the  hydroxyl  HO  combin- 
ing with  a  radical  of  the  methane  series  to  a  monatomic  alcohol. 


CH,a NaOH NaQ  CH»'OH 

Methyl  chloride  "^  Sodium  hydroxide      Sodium  chloride  "^  Methyl  alcohou 


c^H^a 


+ 


NaOH 


NaQ 


,-.+ 


C,H,'OH 


Ethyl  chloride      Sodium  hydroxide       Sodium  chloride  ^  Ethyl  alcohol. 


MONOHYDROXYL  DERIVATIVES  =  ALCOHOLS  OF  THE  M ETHANE  SERIES. 


Monohydric  alcohols. 


Methyl  alcohol  (wood  spirit)  . 
Ethyl  alcohol  (spirits  of  wine) 

Propyl  alcohol 

Butyl  alcohol 

Amyl  alcohol  (fusel  oiH 

Hexyl  alcohol • 

Octyl  alcohol < 

Cetyl  alcohol  (^in  spermaceti; 

Ceryl  alcohol  (in  wax) 

Myricyl  alcohol  (in  wax)  . . .  • 


Formula. 


CH3OH 
C^H^OH 
QHjOH 
C.H^OH 
C^HnOH 
C,H,sOH 
C«H,;OH 

c„n„OH 


Boiling  point, 
Fusing  point 

60°  C. 
116° 

192° 

49-49.5° 
79" 


c  « 
« 
<« 
« 

« 

M 
l< 


When   hydrocarbons    containing   two   substituted   atoms  of 
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chlorine  are  treated  in  the  same  manner  with  an  alkali,  dia- 
tomic alcohols  or  glycols  are  formed  by  the  substitution  of  one 
equivalent  of  hydroxyl  for  each  atom  of  chlorine. 


C,H/'CI, 


4- 


2NaOH 


2NaCl 


■f 


C,H/'(OH,) 


Ethene  dichloride        Sodium  hydroxide    Sodium  chloride      Ethenealc.=:GLYCOL. 


QiH^'Cl, 


+ 


2NaOH 


2Naa 


-h 


C.H,"(OH,) 


Propene  dichloride       Sodium  hydroxide      Sodium  chloride      Propene  glycol 

DiHYDROXYL  DERIVATIVES  OF  THE  HYDROCARBONS  **  GLYCOLS." 


Ethene  glycol  . 
Propene  glycol. 
Butene  glycol.. 
Amylene  glycol 


Formula. 


QH/OH), 
C,H,(OH), 
C,He(OH), 
QH.oCOH), 


Formula. 


H,(CH,OH), 
CH,(CH,OH), 
C,HjCCH,OH), 
C,H,(CH,OH), 


Boiling  point. 


197.5°  c. 

188°  " 
184**  *' 
1770  " 


The  same  decompositions  may  be  extended  to  three  atoms 
of  chlorine  which  are  replaced  by  hydroxyl,  and  a  triatomic 
alcohol — glycerin  =  propenyl  alcohol  is  formed,  besides  which 
are  also  known  butyl  glycerin  and  amy  I  glycerin. 

The  alcohols  or  carbinols  are  therefore  hydrocarbons  in 
which  one,  two,  three  or  more  atoms  of  hydrogen  have  been 
replaced  by  the  hydroxyl  group  (HO).  They  are  neutral  com 
binations,  showing  neither  a  basic  nor  an  acid  reaction.  Most 
of  them  are  colorless,  volatile  fluids,  sometimes  inflammable,  of 
an  alcoholic  odor  and  intoxicating  effect ;  some  are  viscous  and 
syrupy,  for  instance  glycerin,  while  some  form  solid  crystalline 
combinations,  for  example  mannite. 

By  complete  oxidation  through  the  absorption  of  oxygen  the 
alcohols  are  converted  into  fatty  acids ;  there  being,  however, 
an  intermediate  product,  termed  ^' aldehyde''  The  aldehydes 
are  formed  from  the  alcohols  by  the  elimination  of  two  atoms 
of  hydrogen  from  the  carbinol  group  (CHj-OH),  the  non-sat- 
urated group  (COH)  =^carbonyl,  being  characteristic  of  them. 
The  aldehydes  of  the  formula  CnHanO  =  ethyl  aldehyde  = 
CJH4O  =  CHs.COH  are  combinations  which  do  not  occur  in 
natural  fats. 
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Finally  the  acids  are  derived  from  the  alcohols  by  the  two 
atoms  of  hydrogen  of  the  carbinol  group  (CH,.OH),  which  are 
combined  with  the  atom  of  carbon,  being  replaced  by  one  atom 
of  oxygen,  whereby  the  carbon  group  (COOH),  which  is  char- 
acteristic for  the  acids,  is  formed. 


H.CIljOH  aO 

Methyl  alcohol  Oxjgen 

CH,.CH,OH  jQ     _ 

Ethyl  Blcohol  Oxygen  ~ 

CnH.,.OH  ^  _ 

Cetyl  kicohol  Oxygen  ~ 


^  HOH        H— COQH 
Water      Formic  add. 


Palmitic  acid. 


Carbon  Derivatives  o 


I   HVDROCAJtBOKS,  CABBOH   ACIDS. 


Monobuic  Adda,  CH^+O, 

Fonnic  acid 

Acetic  acid 

Propionic  acid 

Butyric  acid  (in  batter)    

Valeitc  acid  (in  rancid  veptable  fata)  • 

Caproic  acid  (id  cocoanut  oil) 

Oenaothylic  acid   

Caprylicacid  (in  buUcr,  eocoanntoil)  • 
Pelargonic  acid  (in  pelargonium  oil) . . . 

Capric  acid  (in  bultci)   

LkuHc  acid  (in  bay  oil) 

Myriitic  acid  (in  nutmeg  butter) 

Fdmitic  acid  (in  lard,  etc.) 

Stearic  acid  (in  lalloir,  etc.) 

Arachidic  acid  (in  peanut  oil) 

Behenic  acid  (in  b«n  oil) 

Camaubic  acid  (in  camauba  wax) 

Cerotic  acid  (in  bees'  wax) 

Melinic  acid  ( in  bees'  wan) 

(Theobromic  acid) 


39^" 
43-6°  ** 
53.8°" 
(>xxf  " 
69.3"  " 
73.0^'* 

75-0°  " 
71.5°  » 


All  the  acids  of  the  series  containing  up  to  nine  atoms  of 
carbon  are  volatile ;  the  others  are  no  longer  so  without  decom- 
position, though  they  can  be  distilled  in  vacuo. 

While  formic  and  acetic  acids  are  miscible  in  all  proportions 
with  water,  the  solubility  in  water  of  the  other  acids  gradually 
decreases,  and  from  oenanthylic  acid  down  they  are  entirely  in- 
soluble in  water. 
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Only  monatomic  acids  occur  in  the  natural  lats,  with  the  ex- 
ception of  sebacic  acid  in  castor  oil. 

In  close  connection  with  the  above  fatty  acids  of  the  saturated 
hydrocarbons  is  a  series  of  monatomic  acids  which  contain  two 
atoms  less  of  hydrogen,  being  therefore  derived  from  the  non- 
saturated  hydrocarbons  and  belonging  to  the  oleic  series  with 
the  general  formula  CnHn_,  +  Oi. 

The  alcohols  of  these  acids  have  not  yet  been  prepared,  with 
the  exception  of  allyl  alcohol,  C,H,OH. 


C,HsOH 
AJIyl  alcohol 


OiygeD" 
C,H,OH 


Allyl  alcohol  ^  Oxygen 


C,H.0=CH,.CH.(COH) 
Acrylaldehyde=acrol«in. 

lOH       C,H,.COOH 
Vater       AcryUc  acid. 


By  the  absorption  of  two  atoms  of  nascent  hydrogen,  most 
acids  of  the  oleic  acid  group  are  converted  into  the  correspond- 
ing fatty  acids. 

CjH.COOH  HH ^H,COOH^ 

Acrylic  acid       Hydrogen      Propionic  acid. 

C,H,COOH  HH       _  C,H,COOH 

Crotoaic  acid       Hydrogen      Bntyiic  acid. 

C„H„COOH        __HH_  _  C„HaCOOH 
Oleic  acid  Hydrogen        Stearic  acid. 

Oleic  Acid  ob  Acrvlic  Acid  Gkoup. 


Monobaiic  Acid.  C.H^_,-t  O,. 

Formula. 

Boiling  point. 
Futing  poinL 

Crotonic  acid  (in  croCon  oil) 

C 

Pyroterebic  acid 

On  other  non-saturated  hydrocarbons  are  dependent,  accord- 
ing to  the  formula  C,H„^0,  :  /ino/eic  acid  —  CuHrCOOH  ■ 
and  QH.^0,  :  ricinoleic  ««</ —  C„H,C00H. 
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The  first  acid  contains  various  components — seelinoleic  acid. 

The  natural  vegetable  fats  contain  only  fatty  acids  with  even 
carbon-atoms,  for  instance,  C4 ;  Cu ;  Cw,  etc. 

With  the  aid  of  the  acids  and  alcohols  it  is  now  easy  to  form 
the  compound  ethers  or  esters. 

A  distinction  has  to  be  made  between  simple  etiiers  which  are 
derived  from  the  alcohols  by  the  substitution  of  an  alcohol  rad- 
ical for  the  hydrogen  of  the  hydroxyl  group 

CjHjOH  QH^OH      _  HOH  _   {(^^fi 

Ethyl  alcohol  "^  Ethyl  alcohol  ~  Water  ~~  Ethyl  ctiicr, 

and  compound  ethers  or  esters,  which  are  also  derived  from  the 
alcohols,  but  the  hydrogen  of  the  hydroxyl  group  is  replaced 
by  an  acid  radical — formyl  CHO — acetyl  CiHsO— etc. 

For  the  formation  of  compound  ethers  only  one  atom  of 
hydrogen  is  to  be  replaced  by  acid  radicals  in  the  monatomic 
alcohols,  two  in  the  diatomic,  and  three  in  the  triatomic  ^ 
glycerin. 

QH^Cl         ,      CHj,CXX)Na  NaQ  ,    (CH,COO).C,H6 


Ethyl  chloride       Sodium  acetate      Sodium  chloride        Ethyl  acetate  or 

acetic  ether. 

CjH^Cl  C,j^HgtCOONa    _  NaQ^ (C,5H,iCOO).C2Hft 


Ethyl  chloride      Sodium  palmitate       Sodium  chloride         Ethyl  palmitate. 
C,«HjK|Cl  CisH,,COONa     _  Naa_ 


Cetyl  chloride       Sodium  palmitate       Sodium  chloride 

(C,.H.,COO).C,.H„ 
Cetyl  palmitate  =  Spermaceti. 


C,H/'C1,  ,         CHsCOOK         ,    HOH  HQ  , 


Ethene  dichloride      Potassium  acetate      Water        Hydrochloric  acid 

KCl  ,   C,H/'(CHsCOO)OH 


Potassium  chloride        Ethene  monacetate. 

C,H/a,  ,   2CHsCOOAg  2AgI         ,    (CH,COO),.C,H/' 

Ethene  diodide       Silver  acetate       Silver  iodide        Ethene  diacetate. 


QHs'^'Bra     .         CHgCOOK         ,    HOH  2KBr 


Tribromallyl       Potassium  acetate       Water       Potassium  bromide 

HBr  C,H5/^^(CH,COO),(OH)  ^    QIV^^    .  3CH,COOAg 


Hydrobromic  acid  Diacetin  Tribromallyl      Silver  acetate 
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3AgBr (CH,COO),.aHj"/ 


Argentic  bromide       Triacetin,  in  the  oil  of  the  seeds  of  the 

spindle  tree  {£vonymus  mropaeus). 


CgHa^^^Br,,        CiyH^COONa        2HOH NaBr  2HBr 

Tribroxnallyl       Sodium  stearate        Water       Sodium  bromide       Hydrobromic  acid 

CH,'".(C„H„C0O).OH. 
Monostearin. 

CHe'^Brs     .    2C,7H,5COONa   ,    HOH  2NaBr  ,  HBr 


Tribromallyl   '   Sodium  stearate       Water       Sodium  bromide       Hydrobromic    acid 

(CsH,'"(C,,H„COO),OH) 


+ 


Distearin,  occurs  in  colza  oil  stearin. 


Q,Hj"'Br,        3C„H.,COONa 3NaBr  (C„H„COO),.C,H."' 


Tribromallyl       Sodium  stearate       Sodium  bromide  Tristearin. 

The  formation  of  the  monoglycerides,  diglycerides,  and  tri- 
glycerides takes  place  also  by  direct  contact  of  the  components, 
slowly  at  an  ordinary  temperature,  but  more  rapidly  in  closed 
glass  tubes  at  a  higher  temperature.  By  bringing  together  one 
atom  of  palmitic  acid  and  one  atom  of  glycerin,  one  atom  of 
water  is  eliminated  and  monopalmitin  produced ;  with  two  atoms 
of  palmitic  acid,  one  atom  of  glycerin,  and  the  elimination  of  two 
atoms  of  water,  dipalmitin,  and  with  three  atoms  of  palmitic 
acid,  one  atom  of  glycerin,  and  the  elimination  of  three  atoms 
of  water,  tripalmitin.  Or  by  heating  glycerin  and  stearic  acid 
to  392°  F.  for  thirty-six  hours,  monostearin  is  formed ;  by  heat- 
ing the  latter  with  three  parts  stearic  acid  to  500^  F.  for  three 
hours,  distearin^  and  finally  by  heating  the  latter  with  ten  times 
the  quantity  of  stearic  acid,  tristearin. 

As  plainly  seen  from  the  foregoing,  fats  may  be  formed  artifi- 
cially, such  fats  possessing  the  same  properties  as  those  occur- 
ring in  nature. 

The  simple  ethers  are  not  attacked  by  alkalies,  but  the  com- 
pound ethers  split  into  acid,  which  remains  fixed  on  the  alkali 
and  the  proper  alcohol. 

QHAQAHt  NaOH CHs.COONa         C,HftOH 

Acetic  ether        Sodium  hydroxide      Sodium  acetate  "^  Alcohol 

(CH«COO),.C,H/'  ,  2NaOH  2CHsCOONa        CH4"(OH), 

Ethene  diacetate         Sodium  hydrate      Sodium  acetate  '         GlycoL 
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(CitHmCOO)8CsH&^^^^  NaOH  2HOH        C^>,H^COGS% 

Tristearin  Sodium  hydroxide  '    Water       Sodium  stearate 

C>H6^^^^(ClTHMCOO)^(OH) 
Distearin. 

(Ci7Ha6COO)(J8H5  2NaOH  HOH        2CiTHi6COONa 

Tristearin  Sodium  hydrate  "*    Water    '  Sodium  stearate 

GHi^CCnHasCOOMOH)^ 
Monostearin. 

(CiTHa6COO)8.C3H5^^^  SNaOH  _  aCwHaaCOONa       C»H5^^^(OH)» 

Tristearin  '  Sodium  hydroxide      Sodium  stearate  '         Glycerin. 

The  natural  ethers  of  the  fatty  acids,  hence,  the  triglycerides, 
i-  ^M  glycerin,  in  which  the  three  typical  atoms  of  hydrogen 
have  been  replaced  by  univalent  acid  radicals,  are  indicated 
according  to  their  acids  as  follows : 

Butyrin C^H^Oj,  fluid,  boiU  at  285°     C. 

Laurin C^H^fi^  fuses  at    45°      «* 

Myristin C«H8,0e,  "         55°      " 

Palmitin CjiH^Oe,  "         62^      " 

Stearin C^^H^oO^  "         71.5°  " 

Olein Cj^Hjo^Ob,  fluid,  solid  at       6°  « 

The  last  three  mentioned  triglycerides  are  the  bases  of  the 
fats  and  oils,  and  on  the  preponderance  of  one  or  the  other  de- 
pends the  consistency,  thus :  oil,  butter,  grease,  tallow.  In  the 
drying  oils  occurs  more  or  less  linoleic  acid  as  linoleiny  and  in 
train  oils  physetoleic  acid  as  physetolein. 

Diglycerides  are  found  in  various  oils,  especially  in  oils  of  the 
cruciferous  plants,  for  instance  dicrucin  C»H6'''(ChH4iCOOj)- 
(OH),  in  rape  oil. 

Oils  in  a  fresh  state,  as  well  as  animal  fats,  may  be  consid- 
ered pure  triglycerides,  while,  on  the  other  hand,  vegetable  fats 
frequently  contain,  while  still  in  the  seed  and  consequently 
also  after  being  obtained,  free  fatty  acids,  for  instance : 


Bassia  fat, 
Cocoanut  oil, 
Crabwood  oil, 
Dika  fat, 
Fulwa  butter, 


Galam  butter,  Palm  oil, 

Goa  butter,  1      Palm  kernel  oil, 
Japanese  wax,  Piney  tallow, 

Laurel  butter,  \      Rambutan  tallow, 

Maheva  butter,  j      Virola  tallow. 
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In  the  ethers  of  the  waxes  occur  the  univalent  alcohols  of  the 
formula:   C„Han+aO: 

Cetyl  alcohol QiHs^O,  fusing  point,  49^  C. 

Stearyl  alcohol CigH^O,  "  59°  C. 

Ceryl  alcohol cirHj^O,  "  79**  C. 

Myricyl  alcohol CjoH^O,  "  850  C. 

and  of  the  aromatic  series : 

Cholesterin    Ct^H^O  fuses   at    145°    C.   Isocholesterin   and 
phytosterin.      C^^^^* 


Oi^ 


II.  Decomposition  of  Fats  by  Alkalies. 

As  previously  mentioned,  the  decomposition  (saponification) 
of  a  fat  by  an  alkali  does  not  take  place  suddenly,  but  runs 
through  various  phases,  and  from  what  has  been  said  it  is  evi- 
dent that  diglycerides  must  first  be  formed,  next  monoglycer- 
ides,  which  finally  also  succumb  to  the  action  of  the  alkali  and 
are  converted  into  neutral  stearates — soap. 

In  no  case  are  the  fats  and  oils  simple  glycerides ;  for  instance, 
stearin  or  olein,  but  always  mixtures  of  glycerides,  and  they 
may  be  best  designated  by  the  general  formula : 

Stearate    (C„HjjCOO) 
Palmitatc  (CijHjjCOO) 
Oleate       (Ci^HaCOO) 
^  Glyceryl  ether  CsHs'". 

The  glycerides  are  not  uniformly  attacked  by- the  alkalies, 
stearin  and  palmitin,  being,  for  instance,  more  readily  saponi- 
fiable  than  olein,  because  on  slightly  heating  olive  oil  with  soda 
lye  the  first  two  are  saponified  before  the  olein  is  attacked. 
This  behavior  presents  a  method  for  -separating  olein  from 
palmitin  and  stearin. 

The  combinations  of  the  fatty  acids  with  metals  of  the  alka- 
lies, potassium  and  socTium,  yield  soaps  soluble  in  water.  In  a 
finished  state  these  soaps  are  distinguished  one  from  another  by 
their  consistency,  the  potassium  combinations  being  always 
softer  than  the  sodium  combinations. 

VOL.  I — 8 
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The  alkaline  stearates  are  completely  soluble  in  water  and 
alcohol,  and  form  with  them  foaming  fluids ;  they  are  insoluble 
in  ether,  benzol,  chloroform.  Concentrated  soap  solutions^ 
aqueous  as  well  as  alcoholic,  gelatinize  on  cooling.  Solution 
of  soap  diluted  with  much  water  is  decomposed  to  free  alkaline 
hydrate  and  acid  alkaline  stearate,  the  latter  separating  in  small 
nacreous  laminae.  To  this  property  is  due  the  detergent  action 
of  soap.  The  alkali  removes  the  impurities,  while  the  acid 
stearate  dissolves  the  grease,  both  having  a  cleansing  effect 
upon  the  skin  as  well  as  upon  the  clothes. 

If  a  piece  of  soap  wrapped  up  in  gauze  or  muslin  is  partially 
placed  in  water,  a  clear  fluid  containing  the  sodium  oleate  is 
lixiviated,  while  the  sodium  stearate  and  palmitate,  which  dis- 
solve with  greater  difficulty,  remain  standing  as  a  coherent 
skeleton  in  the  original  shape  of  the  piece  of  soap.  Hence  in- 
stead of  a  split  into  free  alkali  and  acid  alkaline  stearate,  the 
decomposition  of  soap  with  much  water  may  perhaps  be  more 
correctly  considered  simply  a  separation  of  the  more  readily 
soluble  sodium  oleate  from  the  sodium  palmitate  and  stearate, 
dissolving  with  difficulty,  because  under  ordinary  conditions 
the  sodium  oleate  exerts  a  solvent  eflfect  upon  the  other  two 
combinations.  It  is  also  possible  that  an  acid  and  a  basic  al- 
kaline stearate  are  formed.  The  alkaline  stearates  are  insolu- 
ble in  pure  common  salt  solution,  and  a  potash  soap  is  converted 
by  common  salt  into  a  soda  soap  because  the  chlorine  has 
greater  affinity  for  potash. 

Besides  the  sulphides  of  the  alkalies,  calcium  and  barium 
hydrate  as  well  as  lead  oxide  possess  the  ability  of  decomposing 
fats  in  the  same  manner  as  potassium  hydrate  and  sodium 
hydrate,  the  soaps  formed  being,  however,  insoluble  in  water. 

By  fusing  with  potassium  hydrate  oleic  acid  =  acetopal>nitic 
acidy  erucic  acid  =  acetoarachic  acidy  hypogaeic  acid  =  aceto- 
myristic  acidy  and  bodies  isomeric  with  them,  are  decomposed 
to  palmitic  acid^  arachic  acidy  myristic  acid  and  acetic  acid. 

The  action  of  ammoniay  HsN,  upon  the  fixed  oils  diflfers  from 
that  of  the  other  alkalies  and  metallic  bases.     If  the  emulsion 
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obtained  by  agitating  ammonia  water  with  an  oil  be  exposed 
to  the  air,  the  volatile  alkali  is  after  some  time  completely  dis- 
sipated, and  the  oil  remains  behind  in  its  original  state.  This 
shows  that  ammonia  does  not  possess  the  power  of  saponifying 
fats. 

By  alcoholic  ammonia  solution  the  fats  after  being  for  some 
time  exposed  to  the  cold  are  however  decomposed  to  acetam- 
ides,  for  instance,  palmitamide  =i  CwHaiO.HiN,  etc.,  and  to  gly- 
cerin. 

Organic  combinations  derived  from  ammonia  and  the  hypo- 
thetical ammonium  hydroxyl,  NH4OH,  are,  however,  capable 
of  saponifying  fats  and  oils;  they  are  tetramethyl-ammonium 
hydroxide  and  homologous  combinations. 

H,N  (CH5),N  (NH4)OH  N(CH,)40H 


Ammonia     Trimethylamine     Ammonium  hydroxide    Tetramethyl-ammonium 

hydroxide. 

If  a  soap  solution  is  mixed  with  a  lime  salt  solution  a  white 
precipitate  of  calcium  stearate  is  formed,  which  proves  that 
water  rich  in  lime  salts  cannot  be  used  for  washing.  The  var- 
ious alkaline  soaps  are  decomposed  by  free  acid,  for  instance, 
sulphuric  acid,  hydrochloric  acid,  the  stronger  acid  fixing  the 
base,  while  the  fatty  acid  separates. 

III.  Decomposition  of  Fats  by  Heating. 

Fats  possess  the  characteristic  property  of  decomposing  when 
strongly  heated,  and  yielding  thereby  sharp,  acrid  acrolein 
vapors  of  a  disagreeable  odor. 

Acrolein  =  acrylic  aldehyde,  C8H4O,  is  formed,  as  above  men- 
tioned, when  fats  are  strongly  heated  or  subjected  to  destructive 
distillation,  chiefly  in  consequence  of  the  decomposition  of  the 
glycerin,  water  being  at  the  same  time  separated. 

CsH5'"(OH),      2HOH        CSH4O 


Glycerin  Water       Acrolein. 

This  body  is  derived  from  a  univalent  allyl  acohol,  CsH,0,  in 
the  same  manner  as  mentioned  on  p.  109.     It  is  easily  obtained 
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by  depriving  glycerin  of  the  elements  of  water,  which  is  best 
effected  by  heating  glycerin  with  acid  potassium  sulphate  or 
phosphorus  pentoxide.  It  is  a  clear  colorless  liquid,  specifically 
lighter  than  water,  and  boils  at  52°  C.  Its  vapor  is  very  irri- 
tating, attacking  most  violently  the  mucous  membranes  of  the 
nose  and  eyes.  By  the  absorption  of  oxygen  the  acrolein  is 
converted  into  acrylic  acid,  CsHiO,  homologous  with  oleic  acid. 

By  passing  fat  drop  by  drop  through  an  iron  pipe  at  a  slight 
red  heat,  the  fat  yields  but  few  liquid  products  of  decomposition, 
but  is  almost  entirely  converted  into  a  gas  mixture — oil-gas — 
which  of  all  gases  used  for  illuminating  purposes,  evolves  most 
light. 

Oil  gas  is  a  mixture  of  carbon  dioxide,  hydrogen  gas,  olefiant 
gas,  benzine,  etc. 

When  fats  are  subjected  to  destructive  distillation  hydrocar- 
bons are  formed,  and  a  tarry  mass,  which  under  the  name  of 
oleum  philosophorum  is  used  in  veterinary  science. 

IV.  Action  of  Acids  upon  Fats  and  Fatty  Acids. 

{Sulphuric y  Hydrochloric,  Nitric  Acids.) 

Dilute  cold  or  warm  sulphuric  acid  does  not  attack  fats  and 
oils,  but  concentrated  sulphuric  acid  in  excess  decomposes  them, 
sulphurous  acid,  HjSOi — O,  being  constantly  evolved.  If  8  to 
19  per  cent,  of  sulphuric  acid  of  66°  Be.  is  allowed  to  act  for 
some  time  in  the  cold,  or  only  a  few  minutes  at  about  230°  F., 
so-called  sulpho-acids  or  Fremy's  acids  are  formed,  which  are 
combinations  of  the  fatty  acids  as  well  as  of  the  glycerin  with 
sulphuric  acid. 

(CitHi4COO)8C8H5^^^  ^j^gQ     ^  3C17Hs4.SO4H.COOH  C8H5'^^(S04H).OH, 

Olein  '     ^         Sulpho-stearic  acid         Sulpho-glyceric  acid. 

In  treating  these  sulpho-acids  with  boiling  water  the  sulpho- 
glyceric  acid  undergoes  complete  splitting,  while  the  sulpho- 
palmitic  and  sulpho-stearic  acids  absorb  hydroxyl. 

Q,H5^^^(S04H).OH,      HOH^        ^'^'  CsHs^'OH, 

Sulpho-glyceric  acid  Sulphuric  acid         Glycerin. 
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QtH^.S04H.COOH   ,   _____      ^_  __    ^  QtHs4.(OH).COOH 
Siupho-steanc  acid  Oxysteanc  acid. 

Sulphuric  acid  and  glycerin  dissolve  in  water,  while  the  oxy- 
fatty  acids  remain  undissolved. 

Besides  oxystearic  acid  there  are  formed  at  the  same  time 
small  quantities  of  oxystearo-sulphuric  acid,  CwHmOi,  which 
forms  white  laminae  fusing  at  116.6*^  to  118.4°  F»>  ^^^  is  sol- 
uble with  difficulty  in  alcohol.  The  white  crystals  of  the  oxy- 
stearic acid  fuse  at  177.8  to  178.7°  F.,  and  are  readily  soluble 
in  alcohol  and  ether. 

Upon  these  operations  is  based  the  hardening  of  tallow  with 
sulphuric  acid,  the  oleic  acid  being  thereby  converted  into  oxy- 
stearic acid. 

Hydrochloric  acid  has  scarcely  any  eflfect,  under  heat,  and 
none  in  the  cold. 

Nitric  acid,  dilute  and  cold,  is  without  eflfect ;  the  concentrated 
acid  decomposes  the  fats  under  heat,  and  finally  yields  oxalic, 
succinic  and  adipic  acids. 

Nitrous  acid  exhibits  a  peculiar  action  upon  oils  containing 
oleic  acid,  it  converting  the  fluid  olein  into  the  solid  isomeric 
elatdirtj  or  the  oleic  acid  into  elatdic  acid.  Of  the  fatty  acids  of 
the  non-saturated  hydrocarbons — CnHan-aOa, — ^those  mentioned 
below  are  also  converted  into  isomeric  combinations : 

Fusing 
point. 

Hypogseic  acid  into  Galdic  acid 102.2^  F. 

Oleic  acid  "    Elaldic  acid 111.2^  F. 

Enicic  acid  ''    Brassatdic  add 132.8^  F. 

Further 

Ricinoleic  acid  into  Ricinelaldic  acid 1 22^  F. 

Oils  containing  the  groups  of  linoleic  acid,  1.  ^.,  drying  oils, 
are  not  acted  upon  by  nitrous  acid. 

V.  Decomposition  of  Fats  by  Water. 

All  fats  when  heated  with  water  in  a  hermetically  closed  tube 
to  428°  F.  are  decomposed  to  glycerin  and  hydrated  stearate. 
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(C8tH88COO),C»W^^       3HOH  ^  sOtHmCOOH  ^  QHs^OH), 
Tristearin  Water  Stearic  add  Glycerin. 

This  behavior  explains  the  action  of  superheated  steam  under 
strong  pressure  (10  to  12  atmospheres)  upon  the  natural  fats, 
of  which  practical  use  is  made  in  the  manufacture  on  a  large 
scale  of  fatty  acids  and  glycerin. 


CHAPTER  VI. 

■ 

PROXIMATE  CONSTITUENTS   OF  FATS   AND  OILS. 

I.  Glycerin — Alcohols  —  Cholesterin — Glycerides — 

Fatty  Acids. 

I.  Glycerin  or propenyl alcoholX%^J"{0\i)^  =  (Z\{^ — (OH).- 
CH— (OH).CH,— (OH). 

Atomic  weight.  Specific  grayity  2.80. 

3C                                       36  39.03  per  cent. 

8H                                        8  8.76      « 

3O                                      48  52.21      " 

I  molecule  C,HgO,  92  100.00  per  cent. 

Glycerin — principium  dulce  oleorum — was  discovered  in  1 778 
by  Scheele  whilst  engaged  in  preparing  lead  plaster;  it  was 
further  investigated  by  Chevreul,  Pelouze  and  Bertholet.  It  is 
the  triatomic  alcohol  of  the  group  of  fatty  bodies  and  a  deriva- 
tive of  the  hydrocarbon  propane^  CsHg,  in  which  three  atoms  of 
hydrogen  are  replaced  by  hydroxyl. 

Propane  Glycerin. 

It  is  not  found  in  a  free  state,  but  always  in  con^bination 
with  fatty  acids  or  oleic  acid,  and  is  separated  from  the  fats  by 
strong  basic  hydrates,  or  sulphuric  acid,  or  steam,  these  meth- 
ods being  now  used  for  its  production  on  a  large  scale.  It  is 
also  formed  in  small  quantities  as  a  product  of  the  fermenta- 
tion of  sugar,  and  is  therefore  present  in  all  fermented  bever- 
ages, especially  in  wine  and  beer. 

By  long  exposure  to  the  air,  especially  in  the  presence  of 
moisture,  many. fats  suffer  partial  decomposition  to  free  acid 
and  glycerin,  and  become  thereby  rancid. 

(119) 
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Glycerin  combines  with  the  elements  of  phosphoric  acid, 
forming  glycerinphosphoric  acid^  a  complicated  derivative  of 
which,  lecithine  =^protagon  is  found  widely  distributed  in  the 
animal  organism,  occurring  in  the  brain,  nerves,  yolk  of  eggs, 
blood  corpuscles,  gall,  etc. 

Quite  a  number  of  seeds,  for  instance  those  of  leguminous 
plants,  AesculincB,  etc.,  carry  fats  containing  phosphorus  in  the 
form  of  lecithine  = 

C,,H3,NPO, :--  /C„H„o, 
CjxT^  ■^-CmFijijOj 

\PO,H-CaH,N(CH,),OH. 

It  is  a  waxy  indistinctly  crystalline  mass,  readily  fusible, 
soluble  in  alcohol  and  ether;  in  water  it  swells  up,  softens  and 
becomes  gelatinous,  but  does  not  dissolve.  On  heating  with 
acids  or  barium  water,  lecithine  is  resolved  into 

OH 

Neurine  or  choline  =  C,H4<N(CH),OH„ 
glycerinphosphoric  «««/ =  QHjCOH) jPO^H,, 
and  fatty  acids — pcUmitiCy  stearic  and  oUic  acids. 

Ordinarily  glycerin  is  a  colorless,  inodorous,  syrupy  liquid, 
very  sweet  and  somewhat  warm  to  the  taste,  owing  to  its 
affinity  for  water,  oily  to  the  touch,  without  action  upon  litmus, 
and  soluble  in  all  proportions  in  water  and  alcohol;  also  in 
spirit  of  ether,  but  not  in  ether,  chloroform,  benzol,  fixed  oils 
or  volatile  oils.  When  quickly  cooled  it  does  not  crystallize, 
and  even  at  — 40°  F.  solidifies  only  to  a  gummy  mass.  By 
exposure  for  a  long  time — ^weeks — to  a  temperature  of  32^  F. 
it  forms  rhombic  crystals  resembling  rock-candy.  The  crys- 
tals are  ver>'  deliquescent,  and  melt  at  62.6°  F. 

The  boiling  point  of  glycerin,  under  ordinary  atmospheric 
pressure,  is  554^  F.  When  anhydrous  it  takes  fire  at  302^  F., 
and  burns  quietly  with  a  blue,  non-luminous  flame  without 
giving  off  any  disagreeable  odor,  and  without  leaving  any  resi- 
due. At  about  212^  F.  it  volatilizes  in  appreciable  quantity, 
but  more   readily  with   the   vapors  of  water,  a  circumstance 
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which  has  to  be  taken  into  consideration  in  making  determi- 
nations. 

Glycerin  is  very  hygroscopic,  it  absorbing  up  to  50  per  cent, 
of  moisture.  In  mixing  it  with  snow  or  ice  a  decrease  in  the 
temperature  to  14°  F.  takes  place.  In  the  presence  of  free 
alkali  it  rapidly  absorbs  ozone,  producing  thereby  carbonic 
acid,  formic, acid,  propionic  acid,  and  an  acrolein  odor.  Acro- 
lein is  also  formed  by  substances  withdrawing  water. 

Glycerin  dissolves  all  deliquescent  salts;  and  it  is  also  a 
solvent  for  many  organic  and  inorganic  compounds  which  are 
soluble  in  water  or  alcohol,  and  prevents  the  precipitation  of 
some  salts  by  alkalies  and  other  reagents. 

In  the  same  manner  as  by  the  substitution  of  acid  radicals 
for  hydrogen  in  glycerin,  compound  ethers — glycerides — are 
formed,  the  hydrogen  may  also  be  replaced  by  metals,  for  in- 
stance, sodium,  etc.,  and  glycerates  be  formed,  for  example: 

CsHj'"(0H)3.0Na  =  monosodium  glycerate, 
Cjn5'"(OH)(ONa),  =  disodium  glycerate, 
CgHft'^CONa),  =  trModium  glycerate. 

By  alkali  in  a  fusing  state  glycerin  is  resolved  into  potassium 
acetate  and  potassium  formate,  hydrogen  being  evolved : 

CaH,(OH,)  2KOH H.CQQK 

Glycerin  Potassium  hydroxide  ~  Potassium  formate 

CHgCOOK 
Potassium  acetate       ^  -^a  "t"  4    • 

In  the  distillation  of  glycerin  with  calcium  chloride  there  is 
formed,  besides  phenol,  CeHs.OH,  glyceric  ether,  (C8H5)jp8,  a 
fluid  boiling  at  341.6°  F. 

In  the  presence  of  certain  bacteria,  glycerin  passes  into  fer- 
mentation;  thus  Bacillus  subtilis  produces  chiefly  ethyl  alcohol 
and  butyric  acid,  while  another  bacillus  causes  the  formation  of 
propyl  alcohol,  butyl  alcohol  and  capronic  acid. 

By  moderate  oxidation  of  dilute  glycerin  with  nitric  acid  at 
an  ordinary  temperature,  ^/y^^riV  acid  =  dioxypropionic  acid=^ 
C,H.04  =  CH,(0H)— CH(OH)— COOH  is  formed,  2  atoms 
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of  hydrogen  being  eliminated  and  oxygen  absorbed:  with 
stronger  oxidation  oxalic  acid  =  GHiO*  =  COOH — COOH, 
is  formed. 

By  the  simultaneous  treatment  of  glycerin  with  nitric  and 
sulphuric  acids,  the  three  hydrogen  atoms  of  glycerin  are  re- 
placed by  three  radicals  of  nitric  acid  =  nitroxyl  =  N0«,  and 
propenyl  nitrate^  commonly  called  nitroglycerin,  is  formed. 

QH,^^/(OH),  3N0,H    ^  3HOH       C,H,^^^(O.NO,), 

Glycerin  Nitric  acid        Waier  Nitroglycerin. 

Nitroglycerin  is  a  heavy,  colorless,  oily  liquid,  possessing  a 
burning  sweet  taste  and  poisonous  properties,  the  inhalation  of 
the  vapor  producing  severe  headache.  It  is  soluble  with  diffi- 
culty in  water,  but  readily  in  alcohol  and  chloroform.  It  crys- 
tallizes at  — 4°  F.  It  is  a  very  dangerous  compound,  explod- 
ing on  heating  it  or  by  percussion,  with  the  utmost  violence. 
It  was  formerly  much  employed  for  blasting  in  mines  and 
quarries,  but  has  been  largely  replaced  by  the  compound 
known  as  dynamite^  which  consists  of  nitroglycerin  mixed  with 
finely-divided  silica,  so-called  Kieselguhr,  the  remains  of  infu- 
soria. 

By  the  saturation  of  glycerin  with  hydrochloric  acid  the  so- 
called  chlorhydrins  are  obtained,  according  to  the  duration  of 
the  action  of  the  acid : 

Monochlorhydrin  CjHtCIO, 
Dichlorhydrin  CsH,Cl,0 
Trichlorhydrin       CsHsClg. 

Glycerin  has  become  largely  employed  for  technical  and 
medicinal  purposes,  owing  to  its  physical  properties,  its  stability, 
its  pleasant  sweet  taste  when  quite  pure,  its  harmlessless,  its 
great  solvent  power  for  many  substances,  and  lastly  to  its  low 
price. 

Being  a  hygroscopic  body,  it  is  added  to  snuff,  chewing 
tobacco,  blacking,  stamping  inks,  copying  inks,  etc.,  to  prevent 
drying  in. 

Boiled  with  glue  or  gelatin,  glycerin  yields  a  mass  used  for 
printers'  rollers,  hektographs,  etc. 
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In  weaving  it  serves  for  the  preparation  of  the  dressing  with 
dextrin  and  sulphate  of  alumina. 

It  is  employed  in  dyeing,  tanning  and  in  the  manufacture  of 
paper ;  further,  as  a  lubricant  for  watches  and  machines,  and 
for  the  manufacture  of  artificial  mustard  oil.  It  is  also  em- 
ployed for  filling  gas  meters  which  fail  to  work  in  winter  on 
account  of  the  water  freezing,  and  in  summer  in  consequence 
of  the  evaporation  of  water ;  an  addition  of  glycerin  removing 
both  evils. 

Glycerin  renders  the  skin  soft,  and  is  therefore  employed  in 
the  manufacture  of  cosmetics,  for  instance  toilet  soaps,  toilet 
waters,  etc.  It  is  serviceable  in  burns  and  catarrhal  affections, 
and  may  be  advantageously  administered  in  large  doses  to 
persons  suffering  from  diabetes  mellitus. 

2.  Monohydric  alcohols  or  carbinols, 

a.  Cetyl  alcohol  also  called  ethal  =  CwHmO  =  dsHgj.CHjOH, 
is  the  principal  constituent  of  spermaceti.  To  prepare  it,  sper- 
maceti is  boiled  with  alcoholic  potash  solution,  whereby  it  is  re- 
solved into  potassium  palmitate  and  cetyl  alcohol.  The  latter 
is  dissolved  out  from  the  fused  mass  by  alcohol  and  ether,  and 
purified  by  several  crystallizations  from  ether. 

Cetyl  alcohol  forms  white  lustrous  laminae  without  odor  or 
taste,  which  fuse  at  121.5°  F->  ^t"^  t^^il  almost  without  decom- 
position at  about  752°  F.  By  oxidation  cetyl  alcohol  is  con- 
verted into  palmitic  aldehyde^  CisHsi.COH,  and  palmitic  acidy 
C15H31.COOH. 

By  fusing  cetyl  alcohol  with  soda-lime,  sodium  palmitate  is 
formed,  hydrogen  being  evolved. 

^,sH,,.CH,qH  _  C,5H,,.COONa 

Cetyl  alcohol     '   ^  —  4     "T  ^odjum  palmitate. 

b.  Ceryl  alcohol  or  cerotic  alcohol  =  C^HsjO  =  CaeHjaCHiOH. 
This  alcohol  is  obtained  from  Chinese  wax,  which  consists  al- 
most entirely  of  ceryl  cerotate,  C26H58.COOC27H66,  by  saponifying 
the  wax  with  caustic  potash  and  adding  barium  chloride.  The 
resulting  mixture  of  ceryl  alcohol  and  barium  cerotate  is  pre- 
cipitated and  may  be  separated  by  exhausting  the  dry  precipi- 
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tate  with  hot  alcohol,  in  which  the  barium  salt  is  insoluble. 
Ceryl  alcohol  is  a  waxy  mass  fusing  at  1 74.2°  F. 

c.  Myricyl  alcohol  =  CwHuO  =  CwHsb.CHjOH  occurs  in 
some  varieties  of  wax,  bees'  wax,  Carnauba  wax.  It  is  ob- 
tained from  myricifiy  the  portion  of  bees'  wax  which  is  insoluble 
in  boiling  alcohol.  Myricin  consists  of  myricyl  paltnitate  and, 
when  heated  with  potash,  is  decomposed  in  the  same  manner 
as  spermaceti  and  Chinese  wax,  yielding  potassium  palmitate 
and  myricyl  alcohol.  Myricyl  alcohol  forms  white  silky  acicu- 
lar  crystals,  insoluble  in  water  and  dissolving  with  difficulty  in 
alcohol;  they  fuse  at  185°  F. 

Determination  of  glycerin  and  of  cetyly  ceryl  and  myricyl 
alcohols.  The  qualitative  determination  of  glycerin  is  effected, 
according  to  Reichelt,  as  follows :  Heat  two  drops  of  glycerin 
with  two  drops  of  fused  phenol  and  the  same  quantity  of  sul- 
phuric acid  to  about  248^  F. ;  after  cooling,  the  brown  solid  mass 
formed  dissolves  in  ammonia  with  a  beautiful  carmine-red  color. 

The  quantitative  determination  of  the  content  of  glycerin  in 
a  fat  or  oil  was  formerly  executed  by  saponifying  the  fat,  etc., 
decomposing  the  soap  formed  by  acid,  evaporating  the  acid 
fluid  to  dryness,  and  extracting  the  residue  with  alcohol.  After 
evaporating  the  alcoholic  solution  the  glycerin  remained  be- 
hind. However,  since  glycerin  was  carried  away  with  the 
vapors,  the  results  were  inaccurate.  The  determination  has 
been  simplified  by  Zulkowsky's  saponifying  method,  it  being 
no  matter  whether  a  neutral  fat  has  to  be  examined,  or  a  fat 
containing  free  fatty  acids.  In  the  latter  case  the  fatty  acids 
are  first  determined  with  standard  alkali,  and  then  the  remain- 
ing neutral  fats  saponified.  Three  molecules  caustic  potash 
(168)  correspond  to  one  molecule  glycerin  (92).  See  **  Sapon- 
ification Number"  later  on. 

By  the  oxidation  of  glycerin  in  strong  alkaline  solution,  at 
an  ordinary  temperature,  with  potassium  permanganate,  one 
molecule  glycerin  yields  quantitatively  exactly  one  molecule 
each  of  oxalic  and  carbonic  acids : 
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Upon  this  principle,  first  stated  by  Fox,  is  based  Benedikt 
and  Zsigmondy's  *  method  of  determining  glycerin.  It  is  exe- 
cuted as  follows :  Two  or  three  grammes  of  fat  are  saponified 
with  caustic  potash  and  perfectly  pure  methyl  alcohol.  The 
alcohol  is  then  driven  off  by  evaporation,  the  residue  dissolved 
in  hot  water,  and  the  soap  decomposed  with  dilute  hydrochloric 
acid.  It  is  then  heated  until  the  fatty  acids  have  separated 
clear.  With  fluid  fats  it  is  recommended  to  add  some  hard 
paraffin  to  assist  the  solidification  of  the  fatty  acids  floating  on 
the  surface  in  cooling,  the  latter  being  effected  by  placing  the 
dish  in  cold  water.  The  whole  is  then  filtered  and  washed  into 
a  capacious  flask,  neutralized,  after  the  addition  of  one  drop  of 
phenolphthalein,  with  caustic  potash,  and  about  ten  grammes 
more  of  caustic  potash  added.  Enough  of  five  per  cent,  potas- 
sium permanganate  solution  is  then  added  to  render  the  fluid 
no  longer  green,  but  blue  or  blackish.  Finely-powdered  potas- 
sium permanganate  may  be  used  instead  of  solution  of  the  salt. 
The  whole  is  then  heated  to  boiling,  whereby  hydrated  man- 
ganese dioxide  separates,  and  the  liquid  becomes  red.  Enough 
aqueous  sulphurous  acid  is  then  added  to  produce  decoloriza- 
tion,  whereby  the  liquid  must  remain  strongly  alkaline.  The 
whole  is  now  filtered  through  a  smooth  filter  of  sufficient  ca- 
pacity to  hold  one-half  of  the  liquid  at  one  time,  and  thor- 
oughly washed  with  boiling  water.  The  last  wash-waters  are 
frequently  rendered  turbid  by  manganese  dioxide.  This  tur- 
bidity, however,  disappears  by  acidulation  with  acetic  acid,  the 
sulphurous  acid  liberated  thereby  becoming  active.  As  a  rule 
600  to  1000  cubic  centimeters  of  liquid  are  obtained,  which  are 
heated  almost  to  boiling,  and  precipitated  with  a  10  to  12  per 
cent,  solution  of  calcium  chloride  or  acetate.  With  a  larger 
addition  of  calcium  considerable  quantities  of  gypsum  are  pre- 
cipitated, which  renders  the  determination  inaccurate.  Besides 
calcium  oxalate,  the  precipitate  always  contains  silica.  Hence 
after  igniting  it  cannot  be  designated  pure  calcium  carbonate 
or  calcium  oxide,  and  the  determination  of  the  calcium  oxalate 
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contained  therein  is  best  effected  by  titration  either  with  potas- 
sium permanganate  in  acid  solution  or,  alter  igniting,  by  alka- 
limetry. In  the  latter  case  the  precipitate  is  ignited,  dissolved 
in  semi- normal  hydrochloric  acid,  and  back-titrated  with  semi- 
normal  alkali,  using  methyl  orange  as  indicator.  The  hydro- 
chloric acid  is  generally  standardized  for  sodium  carbonate : 
io6  parts  sodium  carbonate  corresponding  to  92  parts  glycerin. 
The  presence  of  volatile  fatty  acids  has  no  disturbing  influence 
upon  the  determination. 

V.  PlanchorCs  method  allows  of  rapid  execution  and  yields 
very  good  results.  It  is  based  upon  the  principle  that  by  oxi- 
dation of  glycerin  in  acid  solution  with  potassium  permangate 
the  glycerin  is  oxidized  to  carbonic  acid  and  water : 

C,H,(OH),  +  70  =  3CO,  -f-  4H,0. 

The  process  of  determination  is  as  follows :  5  grammes  of  oil 
or  fat  which  contain  about  0.5  gramme  glycerin  are  saponified, 
the  soap  formed  is  decomposed  with  10  cubic  centimeters  of 
I  s  per  cent,  sulphuric  acid,  the  fatty  acids  taken  ofT  and  the 
fluid  containing  the  glycerin  brought  into  a  fiask  and  augmented 
to  200  cubic  centimeters.  The  flask  is  previously  so  arranged 
that  the  carbonic  acid  evolved  is  dried  in  calcium  chloride  tubes 
and  absorbed  in  weighed  soda-lime  tubes.  4.2  grammes  of 
powdered  potassium  permanganate  are  then  brought  into  the 
flask  and  the  fluid  heated.  33  parts  carbonic  acid  correspond 
to  23  parts  glycerin. 

David's  method.  For  determining  the  glycerin  in  fats,  etc. 
100  grammes  of  fat  are  heated  with  65  grammes  crystallized 
barium  hydrate  and  80  cubic  centimeters  of  95  per  cent,  alcohol 
added  with  constant  stirring.  By  the  escape  of  the  alcohol  the 
mixture  soon  becomes  solid.  It  is  then  boiled  with  ^  liter  of 
water,  the  fluid  poured  off  after  settling,  and  the  barium  residue 
twice  lixiviated.  The  wash-water  is  united  with  the  principal 
solution,  evaporated  to  one-half  the  quantity  with  sulphuric 
acid,  and  the  free  acid  removed  with  barium  carbonate.  The 
solution  is  filtered  and  the  filtrate  evaporated  to  50  cubic  centi- 
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meters.     In  the  latter  the  quantity  of  glycerin  can  be  deter- 
niined  by  the  specific  gravity,  or  by  refraction. 

Specific  Gravities  and  Refractive  Indices  of  Aqueous  Glycerin  Solutions 

{According  to  Skalweit).  . 
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The  above  table,  of  course,  gives  accurate  results  only  at  the 
temperature  indicated,  since  the  refractive  index  changes  with 
the  temperature.  Van  der  Willingen,  for  instance,  found  the 
following  variations  in  the  refractive  indices  for  each  degree  C. 
increase  in  the  temperature : 
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Specific  gravity  of  glycerin. 

1.24049 
1. 19286 
1. 16270 

I.I  1463 
^•2535 


Variation  in  the  refractive  index. 

0.00025 
0.00023 
0.00022 
0.00021 
0.00032 


For  pure  water  the  variation  is  o.cxxx>8  for  1°  C. 

Lenz  has  proposed  the  following  method,  which  makes  the 
determinations  of  the  refractometer  independent  of  the  small 
variations  in  adjusting  the  index,  and  considerably  decreases 
the  influence  of  the  temperature.  The  refraction  of  the  respect- 
ive solution  is  observed,  and  directly  afterwards,  at  the  same 
temperature,  the  refraction  of  pure  water.  The  diflferences,  with 
the  per  cent,  content  of  the  solutions  in  pure  glycerin  belonging 
to  them,  are  found  in  the  following  table : 

Table  Showing  the  Differences  Between  the  Refractive  Indices  of  Aqueous 
Glycerin  Solutions  and  Pure  Water  {According io  Lent). 
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*  Da  is  the  refracUTC  index  (n)  for  the  sodium  line  D,  which  is  directly  indicated  by  the  refracto- 
meter. 


PROXIMATE   CONSTITUENTS   OF  FATS   AND   OILS.         1 29 

Glycerin  is  the  trivalent  alcohol  soluble  in  water,  while  the 
univalent  alcohols  occurring  in  the  fats  are  insoluble;  by  suffi- 
cient dilution  and  very  gradual  cooling  of  the  soap  paste,  the 
latter  separate  upon  the  surface  or  may  be  extracted  with 
petroleum  ether  from  the  evaporated,  or  still  better  dried,  soap 
paste.  These  separations — celyl,  ceryl  and  myricyl  alcohols 
and  cholesterin — have  to  be  purified  after  the  evaporation  of 
the  ether  by  recrystallization  from  hot  alcohol.  They  are  dis- 
tinguished from  each  other  by  their  fusing  points,  p.  106,  or 
if  necessary  are  further  decomposed  by  fractional  congealing — 
fractional  crystallization. 

To  distinguish  the  univalent  alcohols  they  may  also,  accord- 
ing to  Benedikt,  be  converted  into  acetic  ethers  and  their 
saponification  numbers,  acetyl  number^  etc.,  which  are  sufficiently 
far  apart,  determined.  For  this  purpose  the  non-saponifiable 
residues  are  boiled  with  an  equal  weight  of  acetic  anhydride  in 
a  flask  with  reflux-cooler  for  i  to  2  hours.  After  cooling, 
cetyl,  ceryl  and  myricyl  alcohols  remain  in  solution,  while 
cholesterin  separates  in  pasty  crystals.  For  determining  the 
saponification  number  the  contents  of  the  flask  are  freed  from 
acetic  acid  by  repeated  boiling  with  water,  the  acetic  ethers  re- 
crystallized  from  alcohol,  and  decomposed  with  titrated  jV 
potash  lye. 

The  acetvl  number  is  for 

cetyl  alcohol  197.5  myricyl  alcohol  112.2 

ceryl  alcohol  128.1  cholesterin  13 5*5 

4.  Cholesterin — CieHiiO — Phytosterin. 

Cholesterin  is  a  univalent  alcohol  of  the  aromatic  group, 
which  contains  fixed  i  molecule  water :  CmH^^O  +  HOH.  It 
is  a  product  of  the  animal  organism,  and  is  found  in  small 
quantity  in  the  animal  system,  as  in  the  bile,  the  brain  and 
nerves,  and  the  blood ;  it  forms  the  chief  ingredient  of  biliary 
calculi.  It  occurs  also  in  fats,  wool  fat,  etc.,  and  is  extracted 
from  the  latter  by  a  process  of  saponification. 

From  alcohol  it  crystallizes  in  small  brilliant  plates  without 
color,  odor  or  taste,  which  are  soluble  in  hot  alcohol,  ether, 
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chloroform  and  glacial  acetic  acid,  but  insoluble  in  water. 
Cholesterin  fuses  at  293°  F.,  and  boils  almost  without  decom- 
position at  680°  F. 

The  cholesterin,  or  according  to  Hesse,  phytosterin  of  plants 
is  isomeric  with  the  cholesterin  of  animals,  an  essential  differ- 
ence being  in  the  form  of  the  crystals ;  phytosterin  crystallizes 
in  fascicular  needles,  and  cholesterin  in  rhombic  plates.  Be- 
sides cholesterin,  wool  fat  contains  isocholesterin. 

The  crystals  of 

phytosterin  fuse  at  269.6°  to  271.4°  F. 
isocholesterin  fuse  at  278.6°  to  280.2°  F. 
cholesterin      fuse  at  293°  F. 

Cholesterin  and  phytosterin  turn  the  plane  of  polarization  to 
the  left,  and  isocholesterin  to  the  right.  The  determination  is 
executed  as  follows: 

1 .  If  to  a  solution  of  cholesterin  or  phytosterin  in  chloroform 
2  cubic  centimeters  of  concentrated  sulphuric  acid  be  added, 
the  chloroform  acquires  first  a  blood-red  color,  and  then  a 
cherry-red  to  purple,  while  the  sulphuric  acid  beneath  it  shows 
a  greenish-yellow  fluorescence.  On  evaporating  the  red  chlor- 
oform solution,  it  acquires  first  a  blue,  then  a  green,  and  finally 
a  gi*eenish-yellow  color. 

2.  By  adding  drop  by  drop  acetic  anhydride  to  a  cold  solu- 
tion of  cholesterin  and  phytosterin,  the  solution  becomes  first 
transiently  rose  color  and  then  permanently  blue.  Isocholes- 
terin also  behaves  indifferently. 

For  the  quantitative  determination  of  cholesterin,  isocholes- 
terin and  phytosterin  in  fats  and  oils,  train  oils,  etc.,  the  sub- 
stance to  be  examined  is,  according  to  E.  Schulze,  fused 
together,  best  in  a  closed-glass  tube,  with  4  parts  benzoic  acid 
or  benzoic  anhydride,  whereby  cholesterin  benzoate  and  iso- 
cholesterin benzoate  are  formed. 

The  cholesterin  ethers  being  almost  insoluble  in  boiling  alco- 
hol, are  by  that  means  separated  from  the  many  admixtures. 
In  ether  the  combinations  are  soluble  and  crystallize  from  it 
with  slow  evaporation,  the  cholesterin  benzoate  in  characteristic 
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rectangular  lustrous  plates,  and  alongside  these  plates  the  iso- 
cholesterin  benzoate  in  a  loose  crystalline  powder,  which  can 
be  separated  by  washing. 

Cholesterin  benzoate  fuses  at  302  to  303.8°  F. 

Isocholesterin  benzoate  fuses  at  374  to  375.8°  F. 

On  heating  with  alcoholic  potash  solution,  these  combina- 
tions are  rapidly  decomposed,  cholesterin  or  isocholesterin  be- 
ing reformed,  when  the  above  mentioned  reactions  can  be  made. 
The  shape  of  the  crystals  and  the  fusing  points  serve  for  dis- 
tinguishing the  three  isomeric  substances.  Regarding  the  con- 
tent of  non-sapohifiable  substances  in  fats  nnd  oils,  see  p.  103. 

4.   Glycerides, 

Butyrin,  (aHT0),.C,H5'''=  (GH7COOO)s.C3H,''^  Tribu- 
tyrin  is  a  constituent  of  cow  butter.  Artificially  it  is  prepared 
by  heating  dibutyrin  (C,H7.COO),.OH.C,H5'''  with  15  to  20 
parts  butyric  acid,  CsHt.COOH  to  464°  F.  It  is  a  neutral  oily 
liquid  having  a  peculiar  smell  and  an  acrid  taste ;  it  is  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  Its  specific  gravity 
is  1.056  at  46.5°  F.  Tributyrin  treated  in  the  cold  with  sul- 
phuric or  hydrochloric  acid  and  alcohol  is  converted  into 
butyric  ether  having  a  pleasant  odor,  and  into  glycerin. 

Laurin  (CiaHaO)8.C8H5'''=  laurostearin,  occurs  in  the  fruit 
of  Laurus  nobilis,  in  bay  oil,  in  pichurim  beans  of  Nectandra 
Puckuryy  in  cocoanut  oil,  and  very  likely  in  other  fats.  It  can 
be  prepared  by  extraction  with  hot  alcohol  and  frequent  re- 
crystallization.  It  is  a  pure  white  mass  of  loose  texture,  con- 
sisting of  very  small  pearly  needles  frequently  grouped  in  the 
form  of  a  star.  It  is  insoluble  in  water,  difficult  to  dissolve  in 
cold  alcohol,  but  quite  readily  so  at  the  boiling  temperature. 
On  cooling  it  is,  however,  almost  completely  reseparated. 

It  is  readily  saponified  by  potash  lye,  yielding  a  clear  soap 
paste.  It  melts  at  111°  to  113°  F.,  and  solidifies  to  a  stearin- 
like, brittle,  friable  mass.  Heated  to  above  its  melting  point, 
it  is  decomposed  into  acrolein  and  a  solid  fat  body  crystallizable 
from  ether  and  alcohol. 
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MyrisHn  (Ci4H„0,)».0..C,H/''  =  (Cl,HrCOO)..C,H5'^  the 
glyceride  of  myristic  acid,  is  a  constituent  of  expressed  oil  of 
nutmegs,  the  fat  of  Myristica  moschata.  It  occurs  chiefly  in 
the  portion  difficult  to  dissolve  in  alcohol,  and  can  therefore  be 
obtained  from  it  in  a  pure  state  by  recrystallization  from  boil- 
ing ether.  It  is  a  pearly  crystalline  fat,  soluble  in  all  propor- 
tions in  hot  ether,  but  less  so  in  hot  alcohol,  and  entirely 
insoluble  in  water.  It  fuses  at  88^  F.  Caustic  alkalies  and 
lead  vinegar  resolve  it  into  glycerin  and  myristic  acid. 

PalmiHn,  (CwH,,0),.03.C,H/''  =  (C,5H„COO)C,H/''. 

Atomic  weight. 

51C  612  75*93  per  cent 

98H  98  12.16        <' 

60  96  11.91        " 


I  molecule  C^iH^ijOc  806  100.00 

Palmitin  =  tripalmiiin  forms,  besides  tristearin  and  olein,  the 
principal  constituent  of  most  natural  fats.  It  is  prepared  from 
palm  oil,  from  the  portion  of  olive  oil  solidifying  on  cooling, 
from  Chinese  tallow  of  Stillingia  sebifera,  or  from  the  wax  of 
Myrica  cerifera. 

To  prepare  it,  palm  oil  is  subjected  to  strong  pressure  be- 
tween linen  to  remove  liquid  triolein.  The  residue  is  treated 
six  to  seven  times  with  boiling  alcohol  to  dissolve  free  oleic 
acid  and  palmitic  acid.  The  residue  consists  of  palmitin,  and 
is  several  times  recrystallized  from  ether.  Or  the  melted  tallow 
of  Stillingia  sebifera  is  treated  with  ether,  then  strongly  pressed, 
and  the  operation  repeated  several  times  with  the  press-cake. 
The  palmitin  is  then  crystallized  from  the  ether  and  recrystal- 
lized until  no  change  takes  place  in  the  melting  point.  Palm- 
itin forms  small  pearly  scales.  It  is  an  entirely  neutral,  solid, 
fatty  body,  insoluble  in  water,  scarcely  soluble  in  cold  alcohol, 
and  but  slightly  so  at  the  boiling  temperature;  it  is  easily 
soluble  in  hot  ether,  but  on  cooling  the  dissolved  portion  re- 
separates  in  white  flakes. 

The  artificial  formation  of  the  glycerides  has  been  referred 
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to  on  p.  III.  Artificial  palmitin  is  obtained  by  heating  i  part 
glycerin  with  10  parts  palmitic  acid. 

In  melting,  palmitin  exhibits  a  peculiar  behavior  somewhat 
similar  to  sulphur.  It  has  three  fusing  points :  On  heating  to 
115^  F.  it  becomes  first  liquid  and  transparent;  by  continuing 
the  heating  it  again  solidifies,  fuses  again  temporarily  at  143^ 
F.,  and  after  becoming  thick  once  more,  finally  remains  fluid  at 
145^  F.  In  cooling  it  solidifies  to  a  transparent,  waxy,  brittle 
mass. 

Dipalmitin^  (Ci6HjiCOO)j.OH.CsH6''',  is  obtained  by  heating 
for  114  hours  a  mixture  of  2  atoms  of  palmitic  acid  =  512 
parts  by  weight,  with  i  atom  of  glycerin  =  92  parts  by  weight. 
It  crystallizes  in  small  microscopic  scales,  fuses  at  138^  F.,  and 
solidifies  to  a  waxy  mass  at  1 24^  F. 

Monopalmitin^  Cl6H«lCOO.(OH),C8H5''^  is  formed  in  small 
quantities  by  storing  for  some  time  at  an  ordinary  temperature 
a  mixture  of  palmitic  acid  and  glycerin ;  for  large  quantities  the 
mixture  is  heated  to  392°  F.  After  removal  of  the  excess  of 
glycerin,  the  monopalmitin  is  purified  with  ether.  It  crystal- 
lizes in  small  needles,  which  fuse  at  136.5^  F.,  and  solidify  to  a 
waxy  mass  at  113°  F. 

Stearin  (Ci8H»0),.0,.C,H6'''  =-  (CitH»COO),C,H5'''. 

Atomic  weight. 

57C  684  76.85  per  cent. 

iioH  no  12.36       " 

60  96  10.79       " 


I  molecule  C,tH„oO,  ^  100.00 

Stearin  or  tristearin  closely  resembles  palmitin,  and  occurs 
in  most  fats,  they  being  as  a  rule  the  harder  the  more  the 
stearin  predominates. 

It  is  impossible  to  separate  the  stearin  in  natural  fats  from 
the  palmitin  and  obtain  it  in  a  pure  form,  even  remelting  thirty 
times  and  more  being  without  success.  The  purest  stearin  is 
obtained  from  the  tallow  of  Brindonia  indica  by  repeated 
crystallization  from  ether.     Entirely  pure  it  can  only  be  ob- 
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tained  artificially  by  heating  distearin  with  fifteen  to  twenty 
times  its  weight  of  stearic  acid,  at  518^  F.,  in  a  sealed  tube  for 
three  hours.  Stearin  crystallizes  in  pearly  crystals,  is  sparingly 
soluble  in  cold  alcohol  and  ether,  but  easily  so  at  a  boiling 
temperature.  On  cooling,  however,  it  reseparates  almost 
entirely  from  the  hot  solution,  only  about  yts  oi  the  weight  of 
stearin  used  remaining  in  solution. 

In  fusing,  stearin  shows  the  same  peculiar  behavior  as  palm- 
itin.  Specific  gravity  at  149.9^  F.  ^  0.9245.  Distils  in  vacuo 
without  decomposition. 

Stearin  fusing  at  145.4°  F.  solidifies  again  about  35.6°  F. 
below  this  fusing  point,  provided  it  is  heated  not  more  than 
33.8  or  35.6°  F.  above  this  fusing  point;  but,  on  the  other 
hand,  if  heated  39.2°  F.  or  more  above  this  fusing  point — 
145.4°  F. — it  solidifies  54.5°  F.  below  it.  Stearin  solidifying 
54.5°  F.  below  its  fusing  point  again  becomes  transparent,  and 
fuses  when  heated  33.8°  F.  above  its  solidifying  point,  but  with 
a  constant  or  increasing  temperature  again  becomes  opaque. 
There  are  thus  two  modifications,  one  of  stearin  fusing  at 
145.4°  F.  and  the  other  of  stearin  which,  when  heated  39.2°  F. 
above  its  fusing  point,  solidifies  54.5°  F.  below  it;  after  again 
solidifying  it  is  converted  into  the  first  modification,  with  its 
fusing  point  at  145.4°  F. 

Stearin  heated  only  33.8°  or  35.6°  F.  above  its  fusing  point — 
145.4°  F. — and  gradually  solidifying  33.8°  or  35.6°  F.  below 
it,  has  been  converted  into  a  third  modification,  which  fuses  at 
151.7°  F.,  this  being  the  fusing  point  of  stearin  crystallized 
from  ether. 

Modifications  of  stearin : 

First  modification,  fusing  point,  123.8°  F. 

Second  modification,  fusing  point,  145.4°  F. 

Third  modification,  fusing  point,  151.7°  F. 

In  making  experiments  regarding  expansion  with  stearin, 
which  became  transiently  transparent  at  122°  F.  and  perma- 
nently fused  at  140°  F.,  H.  Kopp  observed  that  up  to  122°  F. 
it  steadily  expanded,  but  contracted  at  that  temperature,  and 
again  expanded  with  an  increase  in  the  temperature. 
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Distearin,  (Ci7H86COO)2.0H.C8Ha'''.  Equal  parts  of  stearic 
acid  and  glycerin  are  heated  at  212°  F.  for  114  hours,  or  tri- 
stearin  is  heated  with  an  excess  of  glycerin  to  392°  F.  for  7 
hours.  It  forms  small  white  laminae,  fuses  at  136.5°  F.,  and 
solidifies  to  a  hard,  brittle,  waxy  mass  at  131°  F. 

Monostearifiy  ClTHJ5COO(OH)JCJH5''^  is  formed  by  heating  a 
mixture  of  equal  parts  of  stearic  acid  and  glycerin  at  392°  F. 
for  36  hours.  It  crystallizes  from  ether  in  very  small  white 
needles,  fusing  at  142°  F.,  and  solidifying  again  to  a  hard, 
brittle,  waxy  mass  at  140°  F. 

Matgarin,  This  body  was  first  described  by  Chevreul,  who 
considered  it  a  glyceride  of  margaric  acid.  According  to  its 
composition,  margaric  acid  was  supposed  to  be  an  intermediate 
product  between  palmitic  and  stearic  acids,  with  1 7  atoms  of 
carbon  =  CiTH440iCi6HM.COOH,  and  this,  in  connection  with 
glycerin,  the  trimargarin  =  (Ci6H88COO)sCsH5'''.  It  has,  how- 
ever, been  shown  by  Heintz  that  Chevreul's  margarin  is  not  a 
simple  fat,  but  a  mixture  resolvable  into  stearic  acid  and  other 
fatty  acids  of  lower  fusing  points,  chiefly  palmitic  acid. 

Olein,  (Ci8H„0),.0,.C.H/''  =  (C,tH„COOO),C.H5'''. 

Atomic  weight. 

57C  684  77«38  per  cent. 

104H  IQ4  11.76 

60  96  10.86 


I  molecule  Cj^Hjo^Og  884  100.00 

Oleifiy  triolein^  or  elain,  is  a  constituent  of  many  fats  and  oils, 
of  the  fat  of  the  pig  and  goose,  of  olive  oil,  oil  of  almonds,  etc. 
To  obtain  nearly  pure  olein  from  natural  fats,  an  oil  or  fat  rich 
in  oleic  acid  is  cooled  to  below  32°  F.,  and  the  liquid  portion 
pressed  from  the  solidified  part  at  this  temperature.  The  cold- 
pressed  portion  is  then  treated  with  soda  lye,  frequently  shaken, 
and  allowed  to  stand  24  hours.  By  this  treatment  all  the 
stearin  and  palmitin  are  saponified,  while  the  olein  is  but  little 
attacked.  The  mixture  is  then  compounded  with  weak  alcohol, 
which  dissolves  the  soaps  formed,  while  the  unaltered  olein  is 
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entirely  separated  and  floats  upon  the  surface.  It  shows  a 
slightly  yellowish  color,  which  is  removed  by  warm  treatment 
with  animal  charcoal  and  filtering. 

Entirely  pure  olein  can  only  be  prepared  by  heating  mon- 
olein  with  1 5  to  20  times  its  weight  of  oleic  acid  to  464°  F. 

Olein  is  an  inodorous,  tasteless,  colorless  fluid,  remaining 
liquid  below  41°  F.,  but  solidifying  at  a  lower  temperature.  Its 
specific  gravity  is  0.90  to  0.91  at  59*  F.  It  is  not  soluble  in 
water  and  dilute  alcohol,  but  easily  soluble  in  absolute  alcohol 
and  ether.  It  volatilizes  with  superheated  steam  or  in  vacuo 
without  decomposition,  but  under  ordinary  atmospheric  pres- 
sure it  is  decomposed  on  heating,  yielding,  besides  acrolein, 
products  of  decomposition  of.  oleic  acid. 

By  plumbic  oxide  olein  is  slowly  resolved  into  oleate  of  lead 
and  glycerin.  By  carbonic  acid  and  Caustic  alkalies  it  is  de- 
composed much  more  slowly  and  with  more  difficulty  than  the 
corresponding  combinations  of  stearate  and  palmitate. 

Exposed  to  the  air  olein  readily  absorbs  oxygen,  yielding 
colored  products  of  oxidation,  which  partly  show  an  acid  reac- 
tion. In  an  alkaline  solution  it  rapidly  absorbs  ozone,  and  is 
oxidized  to  oenanthol  GHuO,  the  aldehyde  of  oenanthylic  acid, 
CtH,40,  =:  CeHu.COOH,  to  acrolein  and  other  combinations. 

By  passing  nitric  or  hyponitric  acid  into  cold  olein,  it  is  con- 
verted into  the  isomeric  eldidin, 

Dioleifiy  (Cl7HagCOO),.OH.C8H5''^  is  obtained  by  heating 
triolein  with  glycerin  to  392°  F.  It  is  a  neutral  fat  of  specific 
gravity  0.921,  and  commences  to  crystallize  at  50^  to  59°  F. 

Monolein^  Cl7H88COO.(OH)JQH6''^  is  obtained  by  heating  a 
mixture  of  glycerin  and  oleic  acid  in  sealed  tubes  to  392^  F. 
for  18  hours.  It  is  a  neutral  yellowish  oil  of  specific  gravity 
0.947,  almost  odorless  and  tasteless.  By  rapid  cooling  it  be- 
comes solid  at  32°  F.,  and  then  fuses  again  at  50°  F. 

Elaidifty  (Cl7H^,COO)8CJH5''^  is  the  glyceride  of  elaidic  acid, 
C„H«0,  =  C„H„.COOH. 

Poutet  first  observed,  in  1 8 19,  the  solidification  of  tlie  olein 
of  non-drying  oils  by  the  action  of  a  solution  of  mercury  in 
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nitric  acid.  Boudet  later  on  found  this  phenomenon  to  be  due 
to  the  action  of  nitrous  acid. 

To  prepare  elaidin,  almond  or  olive  oil,  freed  as  much  as 
possible  from  stearin  and  palmitin  by  chilling  and  treating  with 
alcohol,  is  mixed  with  fuming  nitric  acid.  In  a  few  hours  the 
mass  solidifies ;  it  is  then  pressed  between  paper,  and,  after 
washing  with  alcohol,  recrystallized  from  ether. 

Elaidin  is  of  a  pure  white  color,  very  much  resembles  stearin, 
is  insoluble  in  water,  dissolves  very  sparingly  in  alcohol,  but 
readily  in  ether  and  benzine.  It  fuses,  according  to  Meyer,  at 
89.5^  F.,  and,  according  to  Duflfy,  at  100.5°  F->  solidifying  at 
82.5°  F.  By  destructive  distillation  it  is  decomposed,  yielding 
acrolein,  elaidic  acid,  and  various  hydrocarbons.  By  saponifi- 
cation it  is  resolved  into  alkaline  elaidate  and  glycerin. 

Ricineldidin  ^=  palmin^  (Qv^JZOO)%QA\J" ,  is  formed  by 
treating  castor  oil  with  nitrous  acid.  The  castor  oil  solidifies 
in  a  short  time  and  separates  from  a  solution  in  ether  in  opaque 
non-crystalline  grains,  which  fuse  at  143.5^  ^^^  have  an  odor  of 
oenanthol,  are  readily  soluble  in  ether  and  alcohol,  and  by 
saponification  yield  glycerin  and  ricinelaidic  acid,  and,  by  de- 
structive distillation,  oenanthol. 

5.  M on  atomic  Acids  of  Saturated  Hydrocarbons, 

Butyric  acid,  CgH^COOH  =  normal  butyric  acid,  CH,.CH,.- 
CHi.COOH,  to  distinguish  it  from  isobutyric  acid  =  (CH,)j.- 
CH.COOH).  Butyric  acid  accurs  as  a  triglyceride  in  butter, 
and  was  first  investigated,  1 814  to  1 818,  by  Chevreul.  It  occurs 
also  in  the  gastric  juice,  in  the  spleen,  sweat,  in  old  fruits  of 
the  soap  tree  {Sapindus  safonarius)  in  those  of  the  tamarind 
(  Tamarindus  indica),  and  in  St.  John's  bread  (fruit  of  Ceratonia 
siliqud).  It  is  much  more  diffused  in  the  animal  than  in  the 
vegetable  kingdom.  It  is  formed  by  heating  protein  substances 
(glue,  fibrin,  albumen,  casein)  with  soda-lime  or  with  pyrolusite 
and  sulphuric  acid.  It  is  best  prepared  from  sugar  by  fermen- 
tation, lactic  acid 
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2C,H„0,      ^    4CsH,0, 
Inverted  sugar       Lactic  acid 

being  first  formed,  which  is  then  converted  into  butyric  acid  by 
the  following  equation : 

2Cg.CH.OH.COQH  _      2HH  2CO,  CgH^COOH 

Lactic  acid  Hydrogen      Carbonic  acid      Butyric  acid. 

Normal  butyric  acid  is  formed  by  the  oxidation  of  normal 
butyl  alcohol,  CHj.CHj.CHa.CHj.OH,  and  by  boiling  butyro- 
nitril  =  propyl  cyanide,  GHy.CN,  with  potash  lye.  See  "  Mar- 
garic  Acid." 

From  butter  it  is  obtained  simultaneously  with  other  homol- 
ogous liquid  fatty  acids — caproic  acid  CsHnCOOH,  caprylic  acid, 
C7H15COOH,  and  capric  acid,  QHiaCOOH — as  follows  : 

Butter  is  saponified  with  soda  lye,  supersaturated  with  dilute 
sulphuric  acid,  and  distilled,  with  frequent  addition  of  water,  as 
long  as  the  distillate  shows  an  acid  reaction.  The  distillate  is 
then  saturated  with  barium  water,  brought  to  dryness,  and  the 
residue  boiled  with  six  times  the  quantity  of  water,  whereby 
barium  butyrate  and  caproate  are  dissolved,  while  barium 
caprylate  and  caprate  remain  in  solution. 

On  crystallizing  the  mixture  from  the  aqueous  solution, 
barium  caproate  separates  first  and  barium  butyrate  last.  The 
barium  salts  of  caprylic  and  capric  acids  remaining  in  solution 
are  dissolved  in  a  large  quantity  of  hot  water  and  crystallized 
from  the  solution,  whereby  barium  caprate  separates  first. 

The  separate  solutions  of  barium  salts  are  mixed  with  dilute 
sulphuric  acid,  and  subjected  to  distillation,  simple  decomposi- 
tion being  only  necessary  for  barium  caprate. 

Butyric  acid  is  a  colorless  liquid,  with  the  odor  of  rancid 
butter,  and  an  acid  taste.  Its  specific  gravity  is  0.9886  at  a 
medium  temperature.  Dropped  uppn  sized  paper  it  makes  a 
grease  stain,  which,  however,  disappears  later  on.  It  attacks 
the  skin  like  the  strongest  acids,  is  soluble  in  water,  alcohol, 
and  ether,  but  separates  again  from  the  aqueous  solution  if 
soluble  salts  are  added.     It  remains  fluid  at  68°  F.,  but  on  sur- 
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rounding  it  with  a  mixture  of  solid  carbonic  acid  and  ether 
crystallizes  in  broad  plates  as  clear  as  water. 

Normal  butyric  acid  boils  without  suffering  decomposition  at 
312.8°  F. ;  by  distillation  with  concentrated  sulphuric  acid  ofily 
a  very  small  portion  is  decomposed,  and  by  continued  boiling 
with  nitric  acid  succinic  acid,  C4H6O4  =  COOH — CHs — CH, — 
COOH,  is  formed. 

CgHTCOOH  3O     _  HOH       C,H^(COOH), 

Butyric  acid       Oxygen  ~    Water        Succinic  acid. 

All  butyrates  are  soluble  in  water,  and  most  of  them  also  in 
alcohol.  Many  of  them  when  thrown  upon  water  assume,  be- 
fore dissolving,  a  rotatory  motion  similar  to  camphor. 

Isobutync  acid,  GHsO,  =  CHt.COOH  =  (CH,)..CH.COOH, 
occurs  in  St.  John's  bread  (the  fruit  of  Ceratonia  siliqua), 
in  the  flowers  of  arnica  {Arnica  montana  L.)  as  well  as  in 
croton  oil.  It  is  prepared  in  the  above  described  manner  from 
pseudo-propyl  cyanide.  It  is  a  colorless  fluid  of  a  less  dis- 
agreeable odor,  boils  at  309°  F.,  and  at  68°  F.  has  a  specific 
gravity  =  0.9503. 

Regarding  the  properties  of  caproic,  caprylic  and  capric  acids, 
see  p.  108,  and  under  "Butter." 

Laurie  acid,  CuHjiOa  =  CitHjs.COOH,  discovered  by  Marson 
in  1842,  occurs  in  bay  oil,  cocoanut  oil,  dika  fat,  croton  oil, 
spermaceti,  etc.  To  prepare  it  laurostearin  (page  1 3 1 )  is  sapon- 
ified with  potash  lye,  the  soap  separated  with  common  salt,  and 
the  impure  acid,  which  is  separated,  several  times  recrystallized 
from  dilute  alcohol.  Laurie  acid  forms  white  needles  fusing  at 
1 10.5^  to  113°  F.  to  a  thin  oil,  which  solidifies  to  a  scaly  crys- 
talline mass.  It  is  insoluble  in  water,  but  freely  soluble  in 
•  alcohol  and  ether.     The  solution  shows  an  acid  reaction. 

Myristic  acid,  CuH^jOi  =^  CisH^.COOH,  was  found  by  Play- 
fair  in  expressed  oil  of  nutmegs,  and  occurs  also  in  dika  fat, 
otoba  butter  (from  Myristica  otoba),  in  cocoanut  oil  and 
spermaceti,  and,  combined  with  lauric  and  palmitic  acids,  in 
many  other  fats.     It  is  prepared  by  the  saponification  of  ex- 
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pressed  oil  of  nutmegs,  separation  of  the  myristic  acid  by  a 
mineral  acid,  and  repeated  recrystallization  from  alcohol,  or  by 
fractional  precipitation  of  the  separated  myristic  acid  with 
magnesium  acetate. 

Myristic  acid  is  a  snow-white,  crystalline,  scaly  substance,  in- 
soluble in  water,  but  freely  soluble  in  hot  alcohol  and  ether. 
It  fus^s  at  129^  F.,  and,  on  cooling,  solidifies  to  a  scaly  crystal- 
line mass.  The  alcoholic  solution  exhibits  an  acid  reaction 
and  expels  carbonic  acid  from  its  salts. 

In  the  same  manner  as  on  heating  calcium  acetate  with  an 
excess  of  calcium  hydrate  acetone  is  formed,  carbonic  acid  be- 
ing split  off, 

(CHjCOOjCa"  _         CO.Oj.Ca"  CjHeO 


Calcium  acetate         Calcium  carbonate       Acetone, 

homologous  acetones  or  ketones — palmiton,  stearon,  butyron,. 
myriston,  lauron,  etc.,  are  formed  from  palmitic,  stearic,  butyric, 
lauric  and  myristic  acids. 

PalmiHc  acid,  Ci.H«0,  =  CisHm.COOH. 


Atomic  weight. 

I6C 

192 

75.00  per  cent 

32H 

32 

12.50      " 

20 

32 
256 

12.50      " 

I  molecule  CjgHi^O, 

100.00 

Palmitic  acid  derives  its  name  from  having  been  first  sepa- 
rated from  palm  oil.  It  occurs  together  with  stearic  and  oleic 
acids  in  nearly  all  vegetable  and  animal  fats.  '  Palm  oil,  olive 
oil,  Chinese  tallow,  Japanese  wax,  spermaceti,  as  well  as  bees' 
wax,  contain  it,  partially  in  a  free  state.  To  prepare  it,  palm 
oil  is  saponified  by  boiling  with  potash  or  soda  lye,  the  result- 
ing soap  after  cooling  is  dissolved  in  hot  water  and  decomposed 
by  dilute  hydrochloric  acid.  The  mixture  of  palmitic  and 
oleic  acids  floating  upon  the  surface  is  freed  as  much  as  possible 
from  oleic  acid  by  pressure.  The  residue  is  dissolved  in  a  little 
hot  alcohol,  and,  after  cooling,  the  solidified  mass  is  again  sub- 
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jected  to  strong  pressure  between  blotting-paper,  and  the 
operation  (recrystallizing  and  pressing)  repeated  eight  or  nine 
times  until  the  fusing  point  of  the  acid  remains  permanent  at 
143.5^  F.  The  fusing  point  of  the  separate  fatty  acids  is  the 
higher  the  greater  the  percentage  of  carbon. 

Palmitic  acid  can  also  be  freed  from  the  last  trace  of  stearic 
acid  by  fractional  precipitation.  ,  For  this  purpose  the  residue 
of  solid  acid,  freed  from  oleic  acid  by  repeated  recrystallization, 
is  dissolved  in  boiling  alcohol  and  compounded  with  two- 
sevenths  of  its  weight  of  barium  acetate,  previously  dissolved  in 
boiling  alcohol.  On  cooling,  the  precipitate,  which  contains 
the  greater  portion  of  the  stearic  acid  fixed  on  barium  sulphate, 
is  filtered  and  pressed.  From  the  combined  liquids  running 
off  the  dissolved  acid  mixture,  which  is  now  especially  rich  in 
palmitic  acid,  is  completely  precipitated  by  an  excess  of  bar- 
ium acetate.  The  precipitate,  consisting  chiefly  of  barium 
palmitate,  is  filtered  and  the  fatty  acid  separated  by  boiling 
with  dilute  hydrochloric  acid.  This  last  acid  mixture  is  treated 
once  or  several  times  more  in  the  same  manner  until  the  fusing 
point  of  the  palmitic  acid  remains  permanent  at  143.5^  F. 

Palmitic  acid  may  be  prepared  artificially  by  carefully  fusing 
oleic  acid,  ChHmCOOH,  with  potassium  hydroxide,  whereby, 
with  evolution  of  hydrogen  gas,  potassium  acetate  and  potas- 
sium palmitate  are  formed.  All  homologous  acids  exhibit  the 
same  behavior. 

C,=CH-<XX)H    ,  2KOH  HH         ,       CHgCOOK       , 

Acrylic  acid  Potassium   hydroxide      Hydrogen       Sodium  acetate 

HCOOK 
Potassium  formate. 

CnHaaCOOH 2KOH  ^ HH CHsCOOK 

Oleic  add  Potassium  hydroxide       Hydrogen      Potassium  acetate 

CisHsiCOOK 
Potassium  palmitate. 

The  equation  of  decomposition  of  oleic  acid  is  valid  also  for 
the  isomeric  elaidic  acid. 

The  potassium  salt  is  decomposed  by  hydrochloric  acid  and 
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the  separated  palmitic  acid  purified  by  recrystallization  from 
alcohol. 

Palmitic  acid  crystallizes  in  fine  white  needles,  which  melt  at 
143.5^  F.  and  solidify  to  a  scaly  crystalline  mass,  with  a  foliated 
fracture.  It  is  odorless  and  tasteless,  very  friable,  and  lighter 
than  water.  It  is  insoluble  in  water,  but  readily  soluble  in 
boiling  alcohol  and  ether.  It  reddens  litmus  paper.  By  ex- 
clusion of  air  it  can  be  heated  with  soda-lime  to  536°  F.  with- 
out suffering  decomposition;  by  the  admission  of  air  some 
butyric  acid  is  formed.  It  can  be  distilled  almost  without 
change. 

Sodium  palmitatey  C^HsiCOONa^  separates  from  a  hot 
alcoholic  solution  as  a  jelly-like  mass,  but  by  standing  and  the 
action  of  the  alcohol  is  changed  into  colorless  scales.  In  a 
little  water  it  is  soluble  without  decomposition,  but  with  more 
water  is  more  easily  decomposed  than  the  corresponding 
potassium  salt. 

Magnesium  palmitate,  (CisHjiCOO^iMg^^  is  precipitated  as  a 
snow-white,  very  light,  crystalline  powder.  It  is  soluble  in 
boiling  alcohol,  but  on  cooling  is  almost  entirely  reseparated. 
It  fuses  at  248°  F.  without  suffering  decomposition. 

Barium  palmitate,  (Ci5HsiCOO)»Ba'',  is  a  white,  pearly, 
crystalline  powder,  which  does  not  become  soft  at  2 1 2°  F.,  and 
decomposes  before  melting. 

Cetyl  palmitate,  CwHsiCOO.CijHss,  is  the  chief  constituent  of 
spermaceti,  a  fat  found  in  the  head  cavities  of  various  whales. 

Myricyl  palmitate^  CisHsiCOO.CsoHm,  is  a  constituent  of  bees* 
wax. 

Margaric  acid,  CnHsiOa  =  C,eHaj.COOH.  This  acid,  re- 
garded by  Chevreul  and  all  succeeding  chemists  up  to  Heintz 
as  occurring  in  all  fats,  has  been  shown  by  the  latter  to  be  a 
mixture  of  stearic  and  palmitic  acids  (see  "Margarin,"  p.  135). 
In  fact  the  margaric  acid  prepared  from  fats,  the  fusing  point 
of  which  is  most  frequently  given  at  140°  F.,  can  not  only  be 
separated  by  fractional  precipitation  into  stearic  and  palmitic 
acids,  but  by  fusing  together  one  part  stearic  acid  with  nine 
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parts  palmitic  acid  a  mixture  with  a  fusing  point  of  140^  F.  is 
obtained,  which,  like  margaric  acid,  solidifies  to  an  acicularly 
crystalline  mass. 

Artificially  margaric  acid  may  be  prepared  by  boiling  cetyl 
cyanide,  dcHn.CN  with  potash  lye,  in  a  similar  manner  as 
formic  acid  from  prussic  acid  =CN.H,  or  acetic  acid  from 
methyl  cyanide  =  CHs.CN. 

CH,.CN  KOH  ,    HOH  NH, 


Methyl   cyanide      Potassium   hydroxide       Water        Ammonia 

CHsCOOK 
Potassium  acetate. 

CuHsftCN  KOH  ,    HOH  NHj 


Cetyl  cyanide       Potassium   hydroxide       Water        Ammonia 

CieHssCOOK 
Potassium  margarate. 

From  the  latter  the  margaric  acid  is  separated  by  dilute  sul- 
phuric acid  and  obtained  pure  by  recrystallization  from  hot 
alcohol. 

Margaric  acid  resembles  palmitic  acid  and  stearic  acid,  and 
solidifies  after  fusing  in  crystalline  scales. 

It  is  a  remarkable  fact  that  mixtures  of  artificial  margaric 
acid  with  palmitic  and  stearic  acids  solidify,  like  the  pure  acids, 
in  crystalline  scales,  while  mixtures  of  stearic  and  palmitic 
acids  solidify  acicularly.  Furthermore,  the  fusing  point  of  mix- 
tures of  margaric  acid  with  the  other  two  acids  is  not  lowered 
to  such  an  extent  as  that  of  mixtures  of  palmitic  and  stearic 
acids.  The  fusing  point  of  artificial  margaric  acid  lies  at 
152.6°  F. 

Stearic  acid,  C^H^Oj  =  CuH^.COOH. 


Atomic  weight. 

I8C 

216 

76.06  per  cent 

36H 

36 

12.67      " 

20 

32 

11.27      " 

I  molecule  =  CigHstOs  284  100.00 

Stearic  acid  was  discovered  by  Chevreul,  and  occurs  as 
glyceride  principally  in  the  tallows  and  other  fats  already  men- 
tioned under  stearin ;  it  is  also  found  in  wool  fat. 
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Pure  stearic  acid  is  most  easily  obtained  from  mutton  suet, 
or  the  tallow  of  Brindonia  indica  and  Bassia  Parkii,  After 
freeing  the  tallow  as  much  as  possible  from  oleic  acid  by  pres- 
sure, it  is  saponified  with  one-quarter  to  one-third  of  its  weight 
of  caustic  soda.  The  resulting  soap  is  decomposed  with  boil- 
ing dilute  hydrochloric  acid,  and  the  fatty  acid  freed  from 
hydrochloric  acid,  sodium  chloride,  and  glycerin  by  washing. 
On  crystallizing  the  fatty  acids  from  hot  alcohol,  the  stearate 
separates  first,  while  oleic  acid  remains  in  solution.  The  resi- 
due is  pressed  and  recrystallization  repeated  from  comparatively 
larger  quantities  of  alcohol  until  the  fusing  point  of  the 
separated  acid  is  permanent  at  156^  to  156.5^  F.  Like  palm- 
itic acid,  stearic  acid  can  also  be  purified  by  fractional  precipi- 
tation.  Dissolve  four  parts  of  the  fatty  acids,  purified  as  above, 
in  a  large  quantity  of  boiling  alcohol,  and  mix  the  solution  with 
boiling  solution  of  one  part  of  magnesium  acetate  in  alcohol. 
The  magnesium  stearate,  separating  on  cooling,  is  pressed  and 
continuously  boiled  with  a  large  quantity  of  dilute  hydrochloric 
acid.  The  fatty  acid  liberated  thereby  is,  when  solidified,  re- 
peatedly recrystallized  from  hot  alcohol. 

Stearic  acid  crystallizes  from  alcohol  in  pearly  needles  and 
externally  resembles  palmitic  acid.  It  expands  very  much 
when  heated,  especially  at  the  moment  of  fusing,  and  in  solidi- 
fying contracts  to  such  an  extent  that  the  pieces  appear  full  of 
holes  and  porous. 

By  taking  the  volume  of  stearic  acid  at  32°  F.  =  i,  at  122^ 
F.  =  1.038,  at  140°  F.  =  1.054,  and  at  163.4°  F.  =  1.079,  it 
becomes  at  158°  F.  by  fusing  =  1.198.  At  between  48°  and 
52°  F.  the  specific  gravity  of  stearic  acid  is  equal  to  that  of 
water. 

Stearic  acid  is  colorless,  tasteless,  and  inodorous ;  it  is  in- 
soluble in  water  but  readily  soluble  in  alcohol,  and  especially 
so  in  hot  alcohol  and  ether.  In  a  fused  state  it  reddens  litmus 
tincture,  the  same  effect  being  also  produced  by  a  cold  alco- 
holic solution,  but  on  adding  to  the  latter  water  until  the  acid 
is  precipitated,  the  litmus  tincture  reassumes  its  blue  color. 
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In  vacuo— mth  100  millimeters  pressure  at  about  549°  F.-— 
stearic  acid  is  volatile  without  change ;  also  with  high-pressure 
steam.  When  subjected  to  destructive  distillation  the  greater 
portion  passes  over  without  alteration.  The  remainder  under- 
goes a  decomposition  which  cannot  be  expressed  by  a  simple 
equation,  several  processes  of  decomposition  taking  place 
alongside  one  another. 

This  portion  of  the  stearic  acid  is  resolved,  on  the  one  hand, 
into  carbonic  acid,  water  and  stearon  =  ketone  of  stearic  acid 
=  CnHaft.CO.CiTHss,  and,  on  the  other,  into  acetic,  butyric  and 
other  fatty  acids,  as  well  as  into  hydrocarbons  of  the  general 
formula  CnHn.  The  ketone  or  acetone  of  stearic  acid  = 
stearon,  is  also  formed  in  the  destructive  distillation  of  the  cal- 
cium  salt  (CiTH86COO)iCa'';  it  fuses  at  189.5°  ^-  ^^^  crystal- 
lizes from  hot  ether  in  lustrous  laminae.  Palmitic  acid  suffers 
the  same  decomposition  into  palmiton,  QjHsi.CisO.CjiH,  which 
forms  crystals  fusing  at  183°  F. 

Chlorine  converts  stearic  acid,  at  212°  F.,  into  chlorostearic 
acid,  and  bromine,  at  the  same  temperature,  into  bromostearic 
acid, 

c„H«cooH  ,    aa=nci  ,   c„H.^aeooH 


Stearic  acid         Chlorine  Chlorostearic  acid. 

By  boiling  with  nitric  acid,  stearic  acid  yields  acids  homo- 
logous to  oxalic  acid. 

In  regard  to  the  oxy-fatty  acids  of  stearic  acid  see  p.  116,  and 
linoleic  acid  further  on. 

Of  the  metallic  stearates  only  those  with  an  alkaline  basis — 
sodium  or  potassium — are  soluble  in  water,  and  they  possess 
the  same  property  as  the  palmitates,  see  p.  144,  of  being  de- 
composed by  dilution  with  much  water  into  free  alkali  and  in- 
soluble acid  salt.  The  other  salts  are  obtained  like  the  corre- 
sponding palmitate  combinations  by  double  decompositions, 
and  also  possess  almost  the  same  properties. 

Arachidic  acid,  CwHmOs  =  C»H„.COOH,  occurs  as  glycer- 
ide  in  the  fat  of  the  peanut  {AracAis  hypogcBa^y  in  Rambutan 
tallow,  in  the  fats  of  the  olive  and  hazel  nut,  in  sunflower  oil, 
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butter,  etc.     It  is  prepared  in  the  same   manner  as  palmitic 
acid,  and  crystallizes  in  small  shining  laminae. 

Amongst  others,  cocinic  acid,  C„H„0„  has  been  mentioned 
by  St.  Evre  as  an  independent  fatty  acid  occurring  in  cocoanut 
fat,  but  Heintz  has  proved  it  to  be  a  mixture  of  laurostearic 
and  capric  acids,  and  a  similar  acid  mentioned  by  Bromeis,  a 
mixture  of  laurostearic  and  myristic  acids.  He  has  also  shown 
that  only  fatty  acids  with  even  carbon-atoms  occur  in  the 
natural  fats  and  oils  of  the  vegetable  kingdom. 

The  following  acids  were  formerly  considered  independent 
acids  in  fats  and  oils :  • 


COUFOSmON    AND    FUSIKO    POINTS    OF    FATTY    ACIDS  O 

WITH  Odd  Carbon  Atous. 

F  inB  Methane  Series 

Acids  with  odd  carbon  atonu. 

FormuU. 

Fuimg  point 

Fhociaic  acid* 

c, 

I 

C 

Boiling  poim  347°  F. 

HyienicMid 

:;a«f; 

Acids  wfth  odd  carbon-atoms  can  be  prepared  in  a  manner 
analogous  to  margaric  acid  (p.  142). 

In  his  investigations  of  spermaceti,  Heintz  by  careful  fusing 
experiments  has  also  confirmed  the  observation  previously 
made,  that  the  mixture  obtained  by  combining  two  homologous 
fatty  acids  in  certain  proportions  has  a  lower  fusing  point  than 
each  separate  acid. 

While  the  boiling  point  (hence  it  may  be  supposed  the  fus- 
ing point  also)  of  the  volatile  fatty  acid  rises  with  the  increase 
in  CHi,  Bayer  has  shown  that  the  fusing  point  rises  only  with 
the  even  carbon-atoms,  but  with  uneven  carbon-atoms  the  fus- 
ing point  lies  below  that  of  the  two  fatty  acids  with  even  carbon- 
atoms. 

*  Idendcil  with  vilcric  icid  in  tnin 
Dbeglic  add,  C,,1I„0,  in  oil  riDin  the  I 
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During  his  investigations  Heintz  has  also  observed,  besides 
the  proportions  of  quantity,  the  properties  of  the  solidified  mix- 
tures, and  found  that,  while  some  show  a  crystalline  structure, 
others  are  entirely  non-crystalline. 

On  account  of  the  importance  of  the  subject,  which  gives  to 
the  manufacturer  of  stearin  useful  points  in  regard  to  the 
nature  and  value  of  his  products  of  saponification,  we  give 
Heintz's  observations  in  the  following  tables : 

I.  Myristic  and  Lauric  Acids. 


A  mixture  of 

Myristic 
acid 

Lauric 
acid, 

Fuses 
at 

Solidifies 
at 

Manner  of  Solidifying. 

C|4H„O.HO 

C„H„O.HO 

Degrees  F. 

Degrees  F. 

100  parts 
90     " 

0  parts 
10      " 

138^° 
125.0 

•  •  •  • 

117.0° 

Scaly  crystalline. 
Same. 

80     " 
70      « 

20      •* 
30      « 

I2IX> 

1 16.0 

1 1 2.0 
102.0 

Extremely  fine  crystalline. 
Same. 

60      " 
50     " 
40     •* 
30      « 
20      " 

40      •* 
50     " 
60      " 

80     " 

109.5 
99.0 
98.0 
95.0 

10 1.0 

102.0 
96.0 
92.0 
90.0 

91.5 

Non-crystalline. 
I^arge- foliated  crystalline. 
Non  crystalline. 
Non-crystalline,  wooUy. 
Same. 

10      « 
0     " 

90      " 
100     " 

106.0 
1 10.5 

97.0 

.... 

Acicularly  crystalline. 
Scaly  crystalline. 

2.  Palmitic  and  Myristic  AaDs. 

A  mixture  of 

« 

Palmitic 

Myristic 

Fuses 

Solidifies 

Manner  of  Solidifying. 

acid. 

acid. 

at 

at 

C„H„O.HO 

C^H^O.HO 

Degrees  F. 

Degrees  F. 

100  parts 

0  parts 

143.5° 

.... 

Scaly  crystalline. 

95      " 

5     •' 

142.0 

136.5° 

Same. 

90     " 

10     " 

140.0 

132.0 

Same.                       [larly. 

80     " 

20     •' 

136.5 

128.0 

Scaly  and  indistinctly  acica- 

70     " 

30     " 

131.0 

124.0 

In  extremely  fine  needles. 

60     " 

40     « 

I2J.O 

121.0 

Non-crystalline,  rugged. 

50     *• 

50     " 

II8.O 

"35 

Large-foliated  crystalline. 

40     •* 

60     •* 

II  6.5 

1 10.5 

Indistinctly  foliated. 

35     " 

65     « 

1 15.5 

1 10.5 

Non-crystalline,  opaque. 

32.5  •* 

67.5  « 

II5-O 

II  1.0 

Same. 

30     « 

s  : 

1 15.0 

1 10.5 

Same. 

20     •* 

1 21.0 

106.0 

Non-crystalline. 

10     " 

90    «« 

125.0 

"35 

In  long  needles. 

0     " 

100    " 

129.0 

•  «  •  • 

Scaly  crystalline. 

H8 
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3.  Stearic  and  Palmitic  Acids. 


A  mixture  of 

'    Stearic 

Palmitic 

Fuses 

Solidifies 

acid, 

acid, 

at 

at 

QbHssO.HO 

Ci.HsiO.HO 

Degrees  F. 

Degrees  F. 

IQO  parts 

0  parti 

156.5° 

■  •  •  • 

90    " 

10    ** 

153-0 

144.5° 

,80    " 

20    « 

149.5 

140.5 

76    " 

30    " 

145.0 

139.0 

60    " 

40    " 

140.5 

134.0 

50    " 

50    " 

134.0 

131.0 

40    *« 

60    " 

133.0 

130.0 

35    " 

6s    « 

132.0 

130.0 

32-5  " 

67.5  •* 

131.0 

129.0 

30    " 

So    " 

i3«.o 

129.0 

20    «* 

135.5 

129.0 

10    " 

90    " 

140.0 

130.0 

0    " 

100    " 

143.5 

■  ■  .  a 

Manner  of  Solidifying. 


Scaly  ciystalline. 

Same, 
i  Finely  acicularly  crystalline. 
I         Same. 

Non-crystalline,  rugged. 
I  Large-foliated  crystalline. 
I         Same. 
Non-crystalline,  wavy,  lustrous. 

Same.  [less. 

Non-crystalline,  wavy,  lustre- 
Very  indistinctly  acicularly. 
Beautifully  acicularly  crystal- 
line. 
Scaly  crystalline. 


4.  Stearic  and  Myristic  Acids. 


A  mixture  of 

Stearic 

Myristic 

Fuses 

Manner  of  Solidifying. 

acid. 

acid. 

at 

CjaH^O.HO 

Ci,H„O.HO 

Degrees  F. 

100  parts 

0  parts 

156.50 

Scaly  crystalline. 

90      " 

10      " 

153.0 

Still  more  distinctly  scaly  crystalline. 

80      « 

20      " 

149.0 

Somewhat  less  distinctly  scaly  crystalline. 

70     « 

30      " 

145.0 

Still  less  distinctly  scaly  crystalline,  no  trace 
of  needles. 

60     " 

40     ** 

139.5 

Commencement  of  scaly  crystallization,  no 
trace  of  needles. 

50      <« 

50      *« 

130.0 

Non-crystalline,  opaque. 

Beautifully  large-foliated  crystalline.        .     . 

40     «* 

60      « 

123.0 

30      " 

80      " 

1 19.0 

Foliated  crystalline. 

20     « 

XI  8.0 

Indistinctly  crystalline. 

10      " 

90     " 

125.0 

Non-crystalline,  opaque. 

0     " 

100      " 

129.0 

Scaly  crystalline. 
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5.  Palmitic  and  Lauric  Acids. 


A  mixture  of 

Pkhnitic 

Lauric 

Fuses 

Manner  of  Solidifying. 

acid. 

acid, 

at 

,  , 

q^H,iO.HO 

Ci,HaO.HO 

Degrees  F. 

1 

100  parts 

0  parts 

143.5° 

Scaly  crystalline. 

90     " 

10     " 

139.5 

Dbtinctly  scaly  crystalline. 

80     " 

20     " 

135.0 

Somewhat  less  distinctly  scaly  crystalline. 

70     " 

30     " 

130.0 

Still  less  distinctly  scaly  crystalline. 

60     •* 

40     « 

J  24.0 

Granular,  indistinctly  scaly  crystalline. 

50     " 

50     " 

II  6.5 

Almost  entirely  non-crystalline,  opaque. 

40     " 

60     ** 

104.0 

Large-foliated  crystalline. 

30     •* 

80     " 

101.0 

Smidl-foliated  crystalline. 

20     •« 

99.0 

Finely  crystalline,  indistinct. 

10     •• 

90     « 

107.0 

Non-crystalline. 

0     " 

100     " 

1 10.5 

Scaly  crystalline. 

6. 

Stearic  and  Lauric  Acids. 

A  mixture  of 

Stearic 

Lauric 

Fuses 

Manner  of  Solidifying. 

acid, 

acid, 

at 

C:,»H,50.H0 

C„H„O.HO 

Degrees  F. 

100  parts 

0  parts 

156.50 

Scaly  crystalline. 

90    " 

10    " 

152.5 

Distinctly  scaly  crystalline. 

80    " 

20    " 

148.0 

Same. 

70    " 

30    " 

143.5 

Distinctly  granular  crystalline.           [zsition. 

60    - 

40    " 

138^ 

Granular,  commencement  of  scaly  crystalli* 

50    •* 

50    " 

132.5 

Nearly  crystalline,  slightly  granular. 

40    ** 

60    " 

123.5 

Non-crystalline,  warty.                           [tala. 

30    « 

^: 

1 10.0 

Upon  the  surface,  areas  of  small  shiny  crys- 

90     « 

101.0 

Non-crystalline,  warty. 

10     " 

90   " 

107.0 

Non-crystalline. 

0     •* 

100   " 

110.5 

Scaly  crystalline. 

ISO 
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7. 

Margamc  Acid  (from  Cyancetvl)  and  Myristic  Acid. 

A  mixture  of 

Mtrgaric 

Myristic 

Fuses 

Maimer  of  Solidifying. 

acid, 

acid, 

at 

C„H„O.HO 

CuH^O.HO 

Degrees  F. 
140.0° 

100  parts 

0  parts 

Scaly  crystalline. 

90    «• 

10    " 

135-0 

Same. 

80    " 

20    «< 

132JO 

Indistinctly  crystalline.                      [sur£sce. 

TO    « 

30    « 

128.0 

Almost  entirely  non-cxystalline  with  level 

60    «• 

40    " 

123.0 

Amorphous,  opaque. 

50    " 

50    " 

II  5.0 

Same. 

40    « 

60    " 

1 14.0      ;  Somewhat  granular,  crystalline. 

30    *• 

80    »« 

1 12.5 

Same,  with  larger  grains. 

20    •* 

120.0 

Same,  grams  very  indistinct  [needles. 

10    « 

90    " 

125.0 

Opaque,  in  scarcely  perceptible  concentric 

0    " 

100    " 

129.0 

Scaly  crystalline. 

8.  Margaric  Acid  (from  Cyancetyl)  and  Palmitic  Acid. 


A  mixture  of 


Margaric 

Palmitic 

Fuses 

Manner  of  Solidifying. 

aad. 

acid, 

at 

CnHaaO.HO 

CeHsiO.HO 

Degrees  F. 

too  parts 

0  parts 

140.0° 

Scaly  crystalline. 

90    «« 

10    ** 

138.0 

Same. 

80    « 

20    «* 

136.0 

Same,  though  somewhat  flowery. 

TO    •• 

30    " 

134.5 

Same. 

60    " 

40.  " 

134.0 

Same. 

50    " 

50    " 

133.0 

Same. 

40    *« 

60    " 

133.0 

Same. 

30    " 

70    " 

134.5 

Flowery,  almost  in  long  needles. 

20    •« 

Jo    " 

137.5 

In  long  needles. 

10    " 

90    " 

141.0 

Same. 

0    « 

100    " 

143.5 

Scaly  crystalline. 

The  mixtures  of  the  above  acids  solidify  partly  like  the  pure 
acids,  which  contain  80  to  90  per  cent,  of  palmitic  acid,  in  beau- 
tiful long  needles,  in  the  same  manner  as  the  mixture  of  stearic 
and  palmitic  acids,  formerly  called  margaric  acid. 
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9.  Steauc  and  Margakic  Acids  (from  Cyancetyl). 


A  mixture  of 

Stearic 

Margaric 

Fuses 

Manner  of  Solidifying. 

acid. 

add. 

at 

QsHsftO.HO 

CiiHssO.HO 

Degrees  F. 

100  parts 

0  parts 

157.0^ 

Scaly  crystalline. 

90      " 

lO      " 

>53.5 

Same. 

80      " 

20     " 

150.0 

Same. 

70      "      ^ 

30      « 

148.5 

Same. 

60     " 

40      " 

»4S'5 

Same. 

50     " 

50     " 

U3.5 

Same,  but  more  pearly. 

40      •• 

60      " 

142.0 

Same. 

30     " 

70     •« 
80      " 

141.5 

Same. 

20      " 

139.5 

Same. 

10      " 

90      " 

139.0 

Same. 

0      •« 

100     « 

140.0 

Scaly  crystalline. 

The  mixtures  of  both  fatty  acids  fuse  more  freely  than  stearic 
acid,  but  only  in  a  moderate  degree  more  so  than  margaric 
acid.  They  solidify  almost  like  unmixed  fatty  acids,  and  also 
behave  differently  from  the  mixtures  of  stearic  and  palmitic  acids. 

With  a  mixture  of  two  fatty  acids,  the  fusing  point  of  which 
is  itself  lower  than  that  of  each  of  the  two  acids,  the  fusing 
point  becomes  still  lower  by  adding  a  determined  quantity  of  a 
third  acid ;  and,  what  is  especially  remarkable,  even  when  this 
third  acid  has  a  greater  atomic  weight  and  higher  fusing  point 
than  the  first  two  acids. 

The  fusing  point  of  a  mixture  of  30  parts  of  palmitic  acid 
and  70  parts  of  myristic  acid  is  at  11 5.0^  F.,  but  it  sinks  still 
lower  by  adding  to  20  parts  of  the  mixture  up  to  7  parts  of 
stearic  acid. 

10.  Palmitic,  Myristig,  and  Stearic.  Acids. 


20  parts  of  a  mixture  of 

30  parts  of  palmitic  acid  and 

70  parts  of  myristic  acid. 

Stearic  acid. 

Fuses 

at 

Degrees  F. 

Manner  of  Solidifying. 

» 

1  part 

2  parts 

3  " 

4  "  . 

115.0° 

1 13*0 
112.0 
II  1.0 
1 1 1.0 
1 1 2.0 

"3.5 
II  5.0 

11S.0 

Non-cr] 

jTstalline. 

i« 

II 

K 

14 
f 
II 
II 
l< 
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The  fusing  point  of  a  mixture  of  30  parts  of  myristic  acid 
and  70  parts  of  lauric  acid,  which  fuses  at  95.0°  F.,  changes  as 
follows  by  adding  to  20  parts*  of  the  mixture  i  to  10  parts  of 
palmitic  acid : 

II.  Myristic,  Lauric,  and  Palmitic  Acids. 


20  parts  of  a  mixture  of 

Fuses 

30  parts  of  myristic  acid  and 

Palmitic  acid. 

at         i  Manner  of  SoUdifying. 

70  parts  of  lauric  acid. 

Degrees  F. 

95.0° 

Non-crystalline. 

I  part 

93-0 

2  parts 

91.5 

3     " 

90.0 

4     " 

91.0 

£M 

5     " 

930 

6     « 

940 

I  :: 

m 

[larly. 

9    " 

99.0 

Indistinctly    fine    acicu- 

10    ** 

102.0 

Fine  acicularly. 

The  phenomena  in  fusing  together  fatty  acids  are  similar  to 
to  those  in  metals.  By  fusing  together  two  metals  the  fusing 
point  is  frequently  considerably  lowered,  and  by  adding  a  third 
or  fourth  metal  it  sinks  even  below  the  boiling  point  of  water. 
Bismuth,  for  instance,  fuses  at  475.0^^  F.,  lead  at  633.0°  F.,  and 
tin  at  455°  F. ;  an  alloy  of  2  parts  of  bismuth,  i  part  of  lead, 
and  I  part  of  tin,  known  as  Rose's  metal^  fuses  at  200.75°  F., 
and  an  alloy  called  Wood's  metal,  containing  cadmium  as  a 
fourth  metal,  at  154.4°  F. 

6.  Monatotnic  Acids  of  the  Non-saturated  Hydrocarbons, 
Oleic  acid,  acetopalmitic  acid,  Ci8Hs40«  ==  CitHss.COOH. 


76.60  per  cent. 
12.06 

"34 


Atomic  weight 

I8C 

216 

34H 

34 

20 

32 

I  molecule  CujH840j 

282 

«< 


l< 


100.00 


Oleic  acid  or  eldic  acid  forms   as  triolein  a  constituent  of 
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nearly  all  natural  non-drying  fats,  which,  as  a  rule,  are  the 
more  limpid  the  greater  the  quantity  of  oleic  acid  they  contain. 
To  prepare  the  acid  a  fat  rich  in  the  glyceride  of  oleic  acid,  for 
instance  almond  or  olive  oil,  or  goose  grease,  is  saponified  by 
boiling  with  potash  lye,  and  the  resulting  soap  decomposed 
with  hydrochloric  acid.  The  separated  fatty  acids  are  digested 
with  lead  oxide  for  several  hours  at  212^  F.  The  mixture  of 
oleate,'  palmitate  and  stearate  of  lead  is  exhausted  with  cold 
ether,  which  dissolves  only  lead  oleate,  the  lead  salts  of  the 
solid  fatty  acids  remaining  in  solution.  The  ethereal  solution 
is  filtered  and  shaken  with  an  equal  volume  of  water,  to  which 
has  been  added  sufficient  hydrochloric  acid  for  the  saturation 
of  the  lead  oxide.  The  oleic  acid  separated  thereby  remains 
dissolved  in  the  ether,  while  the  lead  chloride  is  quickly  de- 
posited from  the  lower  aqueous  solution. 

The  filtered  ethereal  solution  is  poured  off  from  the  lead 
chloride  and  evaporated,  leaving  impure  oleic  acid  behind, 
which  can  be  obtained  pure  by  two  methods : 

a.  To  separate  the  products  of  oxidation  and  the  coloring  sub- 
stances, the  impure  acid  is  dissolved  in  an  excess  of  ammonia 
and  precipitated  with  barium  chloride.  The  resulting  barium 
oleate  is  repeatedly  boiled  with  alcohol,  and  the  crystalline 
scales  precipitated  on  cooling  are  several  times  recrystallized 
from  alcohol.  The  barium  oleate  is  finally  decomposed  in  a 
closed  vessel^  with  tartaric  acid,  and  the  pure  oleic  acid  thus 
obtained  freed  from  adhering  tartaric  acid  by  washing  with  cold 
water. 

b.  The  oleic  acid  separated  from  the  lead  oleate  is  exposed 
to  a  temperature  of  from  21.2°  to  19®  F.,  whereby  the  pure 
oleic  acid  solidifies.  The  solidified  mass  is  freed  from  adher- 
ing fluid  products  of  oxidation  of  oleic  acid  by  pressure  be- 
tween blotting-paper.  This  operation  is  several  times  repeated 
with  the  acid  previously  fused  in  a  warm  place.  To  remove, 
however,  the  last  traces  of  admixed  fluid  coloring  substances, 
the  oleic  acid  is  to  be  dissolved  in  very  little  alcohol  and  the 
solution  exposed  to  the  cold.     The  oleic  acid,  crystallizing  in 
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beautiful  snow-white  needles,  is,  after  repeated  pressure,  en- 
tirely pure,  and  when  dried  in  a  current  of  carbonic  acid  to 
prevent  oxidation,  fuses  at  39.2^  F. 

Pure  oleic  acid  at  a  temperature  above  39^  F.  is  a  colorless, 
oily  fluid,  without  odor  or  taste,  clear  as  water,  and  does  not 
redden  litmus  paper  either  by  itself  or  in  alcoholic  solution. 
It  is  insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether. 

At  39®  F.  it  solidifies  to  a  white,  hard  crystalline  mass,  the 
crystals  contracting  thereby  to  such  an  extent  that  the  portion 
remaining  fluid  is  pressed  out  and  forced  to  the  surface.  Solid 
oleic  acid  remains  quite  unaltered  in  the  air,  but  in  a  fluid  state 
it  rapidly  absorbs  oxygen — at  59°  F.  about  twenty  times  its 
volume — acquires  a  brown  color,  a  rancid  taste  and  odor,  and 
reddens  litmus.  The  absorption  of  oxygen  takes  place  still 
more  rapidly  at  212®  F.,  the  oleic  acid  then  losing  its  property 
of  solidifying  at  a  lower  temperature. 

In  a  vacuum  oleic  acid  volatilizes  without  decomposition ;  like 
all  fatty  acids,  it  can  be  distilled  in  a  current  of  superheated 
steam.  If  the  temperature,  however,  exceeds  482°  F.  it  is  re- 
solved into  acetic  acid,  butyric  acid,  paraffin,  etc. 

By  destructive  distillation  oleic  acid  is  decomposed,  but  little 
of  it  passing  unaltered  into  the  receiver.  During  the  entire 
process  of  distillation  gases  consisting  of  carbonic  acid  and 
hydrocarbons  are  quite  uniformly  evolved,  while  in  the  dis- 
tillate sebacic  acidj  C8Hi6(COOH)«,  acetic  acidj  caprylic  acid 
and  other  homologous  fatty  acids  are  found  as  chief  products 
of  decomposition.     But  little  coal  remains  behind  in  the  retort. 

A  mixture  of  10  parts  of  oleic  acid  with  3  parts  of  calcium 
hydrate  and  3  parts  of  soda-lime  yields,  on  heating,  hydrocar- 
bons of  the  formula  C„Hi„,  ethylenes,  propylenes,  butylenes, 
and  amylenes,  and  especially  propylenes,  in  such  large  quanti- 
ties that  this  mode  of  preparation  deserves  preference  above  all 
others. 

By  fusing  oleic  acid  with  caustic  potash  it  is  resolved  into 
acetic  and  palmitic  acids. 
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C,,H„COOH    .  2KOH  HH        .        CH.COOK 

— il — ir: —  ^ = S L. 

Oleic  acid  Potassium  hydroxide       Hydrogen       Potassium  acetate 

C„H„COOK 
Potassium  palmitate. 

This  conversion  also  explains  the  fact  that  by  the  saponifica- 
tion of  fats  and  oils  with  sulphuric  acid  more  solid  fats  are  ob- 
tained than  by  the  saponification  with  lime. 

To  utilize  in  the  fabrication  of  candles  the  large  quantities  of 
oleic  acid  which  are  obtained  as  a  by-product  of  comparatively 
little  value  in  the  manufacture  of  stearic  acid,  it  is  decomposed 
according  to  the  above  process.  Not  only  the  palmitic  acid  is 
obtained,  but  by  decomposing  the  fused  mass  with  sulphuric 
acid,  the  acetic  acid  may  also  be  obtained  by  distillation. 

In  the  presence  of  water,  chlorine  and  bromine  form  with 
oleic  acid,  chloroleic  and  bromoleic  acids. 

C,tH,,COOH  BrBr     _  HBr C.^Hs^BrCOOH 

Oleic  acid       '    JBromine       Hydrobromic  acid       Bromoleic  acid. 

Iodine  does  not  act  upon  oleic  acid. 

The  fat  oils  of  oleic,  acid  when  shaken  with  alcoholic  am- 
monia solution  and  allowed  to  stand  several  months  are 
changed  into  an  amide  combination  of  oleic  acid  which  corre- 
sponds to  the  combinations  of  palmitic  and  stearic  acids. 

C„H..,OH,N  C„H^OII,N       C,,H,,OH,N 

Palmitinamide         Stearinamide        Oleolamide. 

By  boiling  with  nitric  acid,  oleic  acid  is  readily  oxidized  and 
converted  into  various  volatile  and  non-volatile  acids.  In  the 
distillation  acetic  acid  and  the  fatty  acids  richer  in  carbon  up 
to  capric  acid  pass  into  the  receiver,  while  suberic  acid, 
CsHmO  =  CeH.o(COOH)2,  besides  other  members  of  the  oxalic 
acid  series,  to  which  sebacic  acid  also  belongs,  remain  in  the 
retort. 

The  diatomic  acids  of  the  oxalic  acid  series  are  derived  from 
the  general  formula  CnHan(COOH)i. 

With  sulphuric  acid,  oleic  acid  yields  an  oleosulpkuric  acid 
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which  forms  a  clear,  pale  yellow,  strongly  acid  fluid,  of  specific 
gravity  1.03.  However,  according  to  recent  researches  by 
Geitel,  this  acid  is  not  formed  by  treating  oleic  acid  or  olein 
with  sulphuric  acid,  but  a  mixture  of  stearosulphuric,  distearo- 
sulphuric,  oxystearic,  etc.,  acids. 

By  nitrous  acid  oleic  acid  is  in  a  short  time  converted  into 
the  isomeric  elai'dic  acid. 

The  salts  of  pure  oleic  acid  have  not  been  thoroughly  inves- 
tigated, and  some  of  them  are  difficult  to  prepare  on  account 
of  their  inclination  to  produce  acid  and  basic  salts. 

The  alkaline  carbonates  are  decomposed  in  the  heat  by  oleic 
acid,  carbonic  acid  being  very  slowly  evolved.  The  alkaline 
salts  are  readily  soluble  in  water,  while  those  of  the  alkaline 
earths  and  heavy  metallic  oxides  are  insoluble  in  water  and 
dissolve  with  difficulty  in  alcohol,  though  some  of  them  dissolve 
readily  in  ether.  The  latter  property,  especially  of  the  lead 
salt,  furnishes  a  means  of  separating  the  oleic  acid  from  stearic, 
palmitic  and  several  other  acids,  whose  lead  combinations  are 
insoluble  in  ether. 

By  oxidation  with  potassium  permangate  of  oleic  and  ela'idic 
acids  in  alkaline  solution ^  dioxj^siearic  acid,  Ci7H88(OH),COOH, 
and  isodioxystearic  acid,  CitHss(OH),COOH  are,  according  to 
Saytzeff,  formed. 

Lead  oleate,  (Ci7H8sCOO)aPb'^  is  deposited  as  a  white  flaky 
precipitate  on  mixing  an  aqueous  alcoholic  solution  of  sodium 
oleate  with  a  solution  of  lead  acetate.  When  quickly  filtered, 
washed  in  a  cool  place,  and  dried  in  vacuo,  it  presents  a  white 
loose  powder,  which  fuses  to  a  yellow  fluid  at  176°  F.,  but  on 
cooling  the  lead  oleate  becomes  rigid  and  brittle,  remaining, 
however,  transparent. 

Lead  oleate  forms  the  chief  constituent  of  the  ordinary  lead 
plaster  of  the  drug  stores. 


M.  C.  and  A.  SaytzefT  lay  claim  to  the  discovery  of  isoleic 
acid  or  solid  oleic  acid,  they  having  prepared  it  by  the  action 
of  alcoholic  potash  lye  upon  iodostearic  acid  obtained  by  the 
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action  of  hydriodic  acid  upon  oleic  acid.     They  give  for  both 
acids  the  following  formulae  : 

,    CH,-(CH,),-CH=CH-CH,-COOH 
Ordinary  oleic  acid. 

CHa-CCHa)  ,8-CH,-CH=CH-COOH 


2. 


Isoleic  acid  or  solid  oleic  acid. 


Isoleic  acid  fuses  at  109.5  *o  113^  F.,  and  solidifies  at  1 1 1  to 
to  109°  F.  From  ether  it  crystallizes  in  rhombic  crystals.  It 
resembles  elaidic  acid,  but  is  said  not  to  be  identical  with  it. 
The  latter  fuses  at  11 1.2  to   113°  F.,  and  solidifies  at  107.6°  F. 

Elatdic  acidy  C^HjjCOOH.  This  name  has  been  given  to  the 
isomeric  acid,  into  which  oleic  acid  is  converted  by  treatment 
with  nitrous  acid. 

It  is  prepared  by  passing  for  about  five  minutes  nitrous  acid 
into  cold  oleic  acid.  In  about  half  an  hour  it  solidifies  to  a 
foliated  mass,  which  is  repeatedly  washed  with  boiling  water, 
and  the  product  finally  crystallized  from  alcohol. 

Elaidic  acid,  prepared  by  saponification  of  elaidin  and  de- 
composition of  the  soap,  cannot  be  obtained  pure  by  recrystal- 
lization. 

Elaidic  acid  crystallizes  from  an  alcoholic  solution  in  shining 
scales,  fusing  at  1 1 1.2°  .to  113°  F.,  and  solidifying  with  strong 
expansion,  at  107.6°  F.  The  scales  are  soluble  in  ether,  but 
not  in  water.  Elaidic  acid  is  stable  in  the  air,  and  can  be 
volatilized  without  decomposition.  Heated  for  some  time  at 
149O  F.  it  absorbs  oxygen  from  the  air,  remains  fluid  on  cool- 
ing, and  is  not  again  solidified  by  nitrous  acid.  When  fused 
with  caustic  potash  it  resolves,  like  oleic  acid,  into  palmitic  and 
acetic  acids.  It  shows  a  strong  acid  reaction,  forces  the  car- 
bonic acid  from  the  carbonates,  and  yields  with  alkalies  clear 
soaps  of  very  thick  consistency. 

Ricinoleic  acid,  C^H^^^O,  =  C„H„.OH.COOH. 
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Atomic  Weight 
18C  216 

34H  34 

3O  48 


73.23  p« 

cent 

11.59 

M 

I6.II 

tt 

I  molecule  C^Hg^O,  298  100.00 

Ricinoleic  acid  is  found  in  castor  oil  and  the  oil  of  Jairopka 
curcas  (purgir  nut  oil).  It  possesses  nearly  the  same  physical 
properties  as  oleic  acid.  Chemically  it  differs  from  it  in  hav- 
ing one  atom  more  of  oxygen.  It  is  isomeric  with  oxyoleic 
acid  C«Hj,.OH.COOH,  which  is  obtained  by  treating  dibrom- 
oleic  acid  C„H8,BraCOOH,  with  silver  oxide. 

C^^H^Br^COOH  AgOAg      _  2(AgBr)  C„H^.OHCOOH 

Dibromoleic  acid      Silver  oxide       Argentic  bromide  Oxyoleic  acid. 

Ricinoleic  acid  is  prepared  in  a  manner  similar  to  oleic  acid. 
Castor  oil  is  saponified  with  caustic  potash  or  caustic  soda 
solution,  the  resulting  soap  decomposed  by  heating  for  a  short 
time  with  hydrochloric  acid,  the  ricinoleic  acid  separating  on 
the  surface  mixed  with  a  small  quantity  of  alcohol,  and  cooled 
to  10.5°  F.  to  separate  the  admixed  solid  fatty  acids.  For 
complete  purification  the  ricinoleic  acid  is  converted  into  the 
lead  salt,  the  latter  extracted  with  ether  and  decomposed  in 
ethereal  solution  with  hydrochloric  acid.  The  acid  remaining 
behind  after  the  evaporation  of  the  ether  is  finally  converted 
into  the  barium  salt,  which  is  purified  by  repeated  recrystal- 
lization  from  alcohol,  and  again  decomposed  with  hydrochloric 
acid. 

Ricinoleic  acid  is  a  colorless,  inodorous  oil  of  an  acrid  taste 
and  the  consistency  of  syrup.  It  has  a  specific  gravity  of 
0.940  at  15^  F.  At  32°  F.  it  solidifies  to  a  crystallized  mass. 
It  is  soluble  in  alcohol  and  ether  but  not  in  water,  and  does 
not  absorb  oxygen  from  the  air.  In  alcoholic  solution  it  red- 
dens blue  litmus  tincture,  and  expels  carbonic  acid  from  its 
salts. 

When  subjected  to  destructive  distillation  ricinoleic  acid 
does  not  yield  sebacic  acid;  however,  when  heated  with  soda 
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lye  sebacic  acid  is  formed  with  simultaneous  formation  of 
secondary  octyl  alcohol  and  methyl-hexyl  ketone,  and  the  evo- 
lution of  hydrogen. 

CpH^.OH.COONa  _   CgH^^.OH 

'•  Sodium  ricinoleate  "*"  ^"^^  +  ^^^  ~  Octyl  alcohol  "*" 

C,H„.(COONa), 
Sodium  sebacate. 

Ci^Hgj.OH.COONa  , 

*  Sodium  ricinoleate 
_       CH^.CO.ChH,.,         1      h  4-  ^^i6(C00Na), 
NaOH  +  HOH  —  Mcthyl-hcxyl  ketone  "+"  ^"  "^  Sodium  sebacate. 

According  to  how  distillation  is  managed  there  are  also 
formed  at  482°  F.  oenanthol  =  heptyl  aldehyde,  QHuO,  and 
oenanthalcohol  =  heptyl  alcohol. 

Castor  oil  mixed  with  ammonia  solidifies  in  a  few  weeks  to 
colorless  warts  which  fuse  at  151^  F.,  and  are  soluble  in  alco- 
hol and  ether,  but  not  in  water.  They  constitute  an  am- 
moniacal  combination — ricinolamide  CwHbOj.HjN — which  is 
formed  in  the  same  manner  as  the  acetamides. 

K.  Hazura  has  found  that  ricinoleic  acid,  when  oxidized, 
yields  trioxy-stearic  acid,  which  can  be  split  into  ordinary  tri- 
oxy-stearic  acid,  fusing  at  284°  to  287.5^  F*»  ^^^  ^^^^  isotri- 
oxy-stearic  acid,  fusing  at  230^  to  232^  F.,  from  which  he  in- 
fers the  presence  in  castor  oil  of  two  isomeric  acids — ricinoleic 
and  isoricinoleic  acids.     Oleic  acid  does  not  occur  in  castor  oil. 

By  nitrous  acid  ricinoleic  acid  is  converted  into  ricinelatdic 
acid. 

Ricinelatdic  aeid,  CnHwCOOH,  crystallizes  in  concentrically 
united  needles,  fuses  at  122^  F.,  and  solidifies  to  a  radiated 
crystalline  mass  at  118.5°  F-  ^^  dissolves  in  all  proportions  in 
alcohol  and  ether. 

Hypogceic  acid  and physetoleic  acid,  CieHsoOa  =  Ci6H«.COOH. 

Atomic  weight. 

16C  192  75.59  per  cent. 

30H  30  11.81       •* 

2O  32  12.60       •* 


I  molecule  Ci^llg^O,  254  100.00 
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Hypogaeic  acid  was  found  by  Goessmann  and  Scheven  in  the 
oil  of  the  peanut  {AracAis  hypogaa)^  and  is  identical  with/Aj^ 
setoleic  acid,  CwHsoOi,  prepared  by  Hofstaedter  from  the  oil 
contained  in  the  cavities  of  the  head  of  the  sperm  whale  {^Phy- 
seter  macrocepkalus) .  It  stands  in  the  same  homologous  rela- 
tion to  oleic  acid,  as  palmitic  acid  to  stearic  acid ;  i.  e,,  it  is 
distinguished  from  it  by  a  diflference  of  composition  of 
2(CH0  =  C,H*. 

Hypogseic  acid  is  isolated  from  peanut  oil  in  the  following 
manner :  The  fatty  acids  separated  from  the  oil  after  saponifica- 
tion of  the  oleic  acid  are  dissolved  in  a  sufficient  quantity  of  al- 
cohol, and  the  arachidic  and  palmitic  acids  partly  precipitated  by 
magaesium  acetate  and  ammonia;  all  that  is  precipitated  is 
filtered  off.  The  filtrate,  which  contains  the  hypogaeic  acid,  is 
mixed  with  an  alcoholic  solution  of  lead  acetate  and  ammonia 
(both  in  excess)  and  the  mixture  allowed  to  stand  quietly  for 
several  days.  The  precipitate  is  then  collected  upon  a  filter, 
washed  with  alcohol,  dried  as  quickly  as  possible  by  pressing, 
and  completely  exhausted  with  ether  in  a  closed  cylinder. 
The  ether  dissolves  the  lead  hypogate ;  the  lead  combinations 
of  arachidic  acid,  palmitic  acid,  etc.,  remain  in  solution.  On 
account  of  the  easy  alteration  of  hypogaeic  acid  by  the  absorp- 
tion of  oxygen,  the  ethereal  solution  is  compounded  with  an 
excess  of  dilute  hydrochloric  acid,  the  precipitate  of  lead 
chloride  filtered  off,  and  the  filtrate  once  more  thoroughly 
shaken  with  boiled  water. 

The  ethereal  solution  of  hypogaeic  acid  is  then  allowed  to 
separate,  lifted  off,  and  the  greater  portion  of  the  ether  distilled 
off.  From  the  residue,  placed  in  a  cold  place,  shoot  out  yel- 
lowish crystals,  which  are  purified  by  pressing  and  repeated 
recrystallization  from  alcohol  at  a  very  low  temperature. 

For  the  isolation  of  physetoleic  acid  from  spermaceti  oil,  the 
latter  is  saponified  with  potash  lye,  the  resulting  soap  purified 
by  salting,  then  dissolved  in  boiling  alcohol  and  the  solution 
mixed  with  solution  of  lead  acetate  and  ammonia.  It  is  then 
allowed  to  settle,  when  the  precipitate  formed  is  washed  and 
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dried  in  the  air.  Ether  is  then  poured  over  the  dry  precipi- 
tate, whereby  the  lead  physetoleatCy  besides  ethalcetyl  alcohol^ 
CMH840a,  and  undecomposed  spermaceti  are  dissolved  and  the 
lead  salts  of  palmitic  acid  remain  behind.  A  portion  of  the 
ether  is  now  distilled  ofT  from  the  solution  and  the  residue  de- 
composed with  dilute  hydrochloric  acid.  To  the  ethereal  solu- 
tion is  added  solution  of  barium  chloride  and  ammonia,  the 
precipitate  collected,  dried  in  vacuo  and  the  cetyl  alcohol  and 
undecomposed  spermaceti  extracted  with  cold  ether.  The 
barium  physetoleate  remaining  undissolved  is  repeatedly  boiled 
with  93  per  cent,  alcohol,  and  the  resulting  solutions  allowed 
to  cool  separately.  The  portion  taken  up  by  the  alcohol  pre- 
cipitates in  the  form  of  a  white  powder,  which  is  collected, 
dried  under  the  air-pump  over  sulphuric  acid,  and  decomposed 
with  alcoholic  tartaric  acid  solution. 

Hypogaeic  acid  and  physetoleic  acid  thus  prepared  form 
colorless  and  odorless  acicular  aggregates,  insoluble  in  water 
but  readily  soluble  in  alcohol  and  ether.  Hypogaeic  acid  fuses 
at  93^  to  95^  F. ;  and  physetoleic  acid,  according  to  Hof- 
staedter,  at  86°  F.  On  exposure  to  the  air  both  acids  acquire 
a  reddish  color  and  a  very  rancid  odor,  and  show  an  acid  reac- 
tion. The  acids  thus  changed  crystallize  with  difficulty  even  at 
a  very  low  temperature.  In  common  with  oleic  and  erucic 
acid  =  CbHijCOOH,  hypogaeic  acid  possesses  the  property  of 
readily  absorbing  oxygen  from  the  air,  undergoing  thereby  de- 
composition. 

By  subjecting  physetoleic  acid  to  destructive  distillation  a 
yellowish  fluid  first  passes  over,  then  crystalline  sebacic  acid, 
C8Hi«(COOH)i,  and  finally  a  stinking  oil,  while  a  small  quan- 
tity of  coal  remains  behind. 

In  the  same  manner  as  oleic  acid,  by  fusing  with  potassium 
hydroxide,  is  converted  into  palmitic  acid  and  acetic  acid, 
hypogaeic  acid  is  decomposed  into  myristic  acid. 

CijH^COOH     ,    2HOH        Q,H,COOH  ,    C„H„COOH 


Hypogaeic  add        Water        Acetic  acid        Myristic  acid. 
VOL.  I — II 
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Without  taking  part  in  the  decomposition,  nitrous  acid  pos- 
sesses the  remarkable  property  of  converting  hypogxic  acid 
into  an  isomeric  combination  with  a  higher  fusing  point — 
gatdic  acid — while  physetoleic  acid  is  not  attacked. 

Gatdic  acid,  CijH^COOH.  By  the  introduction  for  two  or 
three  hours  of  nitrous  acid  into  pure  hypogaeic  acid,  the  latter 
is  converted  into  gaidic  acid.  To  remove  oil-like  admixtures 
the  mass  is  subjected  to  strong  pressure  and  purified  by  re- 
peated crystallization  from  alcohol.  Gaidic  acid  is  colorless 
and  inodorous,  fuses  at  i(X>.5^  F.,  and  solidifies  to  a  radiated 
crystalline  mass.  It  volatilizes  without  change  at  a  higher  tem- 
perature, does  not  oxidize  in  the  air,  and  is  readily  soluble  in 
alcohol  and  ether,  but  insoluble  in  water. 

Erucic  acid  or  brassic  acid,  CnH«iO,  =  CjiHm.COOH,  occurs 
in  the  fatty  oil  of  mustard  seed,  in  colza  oil  and  grape-seed  oil. 
Lead  plaster  prepared  from  these  oils  is  treated  with  ether, 
whereby  lead  erucate  is  left  behind  in  an  undissolved  state. 
This  is  decomposed  with  alcohol  and  hydrochloric  acid,  and, 
after  evaporating,  the  alcoholic  solution  separated  from  the 
lead  chloride ;  the  remaining  acid  is  purified  by  recrystalliza- 
tion  from  alcohol. 

Erucic  acid  crystallizes  in  long  shining  needles,  fusing  at 
93.0°  F.  It  is  insoluble  in  water,  but  freely  soluble  in  alcohol 
and  ether.  It  absorbs  oxygen  from  the  air,  and,  like  oleic 
acid,  is  converted  by  nitrous  ac  d  into  an  isomeric  combination 
— brassidic  acid — which  fuses  at  133°  F. 

By  fusing  erucic  acid  =  acetoarachic  acid,  with  potash,  it  is 
converted  into  arachic  and  acetic  acids. 

CjjHji.COOH.       'yy\(\w       CHj,COOH       C||H|gCOOH 
Erucic  acid  Acetic  acid       Arachic  acid. 

The  basic  glyceride  of  erucic  acid — dierucine,  C„H880;= 
(CiiH«C00)«.0H.CsH6''',  occurs  in  colza  oil  and  fuses  at 
116.5°  F. 

Linoleic  acid,  C^HftO*  =  C,5H„COOH. 
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Atomic  weight. 
16C  192  76.19  per  cent. 

28H  28  I  I.I  I        " 

2O  16  12.70        " 


I  molecule  CkH^O,  252  100.00 

Linoleic  acid  occurs  as  glyceride  in  linseed  oil,  hemp  seed  oil, 
and  very  likely  in  all  other  drying  oils.  It  has  been  very  little 
studied. 

It  is  isolated  by  saponifying  linseed  oil  and  poppy-seed  oil. 
The  resulting  soap  is  treated  with  hot  water  and  soda  lye  and 
purified  by  repeated  washing.  It  is  then  dissolved  in  water  and 
decomposed  by  calcium  chloride,  whereby  the  lime  salts  of  the 
fatty  acids  present  are  precipitated.  The  precipitate  is  washed 
with  water,  pressed,  and  treated  with  ether,  which  only  dis- 
solves the  calcium  linoleate,  the  lime  salts  of  the  other  fatty 
acids  remaining  in  solution.  The  ethereal  solution  is  decom- 
posed with  cold  dilute  hydrochloric  acid,  the  calcium  chloride 
passing  into  the  aqueous  solution,  while  the  linoleic  acid  re- 
mains dissolved  in  the  ether. 

The  dissolved  linoleic  acid  is  separated  from  the  aqueous 
solution,  and  the  ether  distilled  off  in  a  current  of  hydrogen  at 
as  low  a  temperature  as  possible.  The  dark  yellow  linoleic 
acid  which  is  left  behind  is,  however,  not  pure,  and  has  to  be 
dissolved  in  alcohol  and  precipitated  with  ammonia  and  barium 
chloride  as  barium  linoleate,  This  is  washed,  pressed  and  dis- 
solved in  ether,  and  the  warts  and  grains  shooting  out  from  the 
solution  are  repeatedly  recrystallized  from  ether.  From  the 
barium  salt  the  linoleic  acid  is  obtained  by  shaking  with  ether 
and  dilute  hydrochloric  acid,  lifting  off  the  ethereal  layer  and 
distilling  off  the  ether  in  a  current  of  hydrogen.  The  acid 
remaining  behind  is  dried  under  an  air-pump  over  sulphuric 
acid  and  a  mixture  of  lime  and  copperas,  which  absorbs  any 
oxygen  present. 

Not  entirely  pure  linoleic  acid  is  obtained  by  the  decomposi- 
tion of  the  lead  linoleate  with  sulphuretted  hydrogen  and  ex- 
traction with  ether. 
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Linoleic  acid  is  a  thinly  fluid  oil  of  a  slightly  yellow  color, 
with  a  specific  gravity  of  0.9206  at  59°  F.  It  possesses  strong 
refractive  power,  and  shows  a  slight  acid  reaction.  It  does  not 
solidify  at  —0.4°  F.,  and  is  insoluble  in  water,  but  freely  solu- 
ble in  alcohol  and  ether. 

By  standing  in  the  air  it  absorbs  oxygen  with  avidity,  be- 
comes thick  and  viscous,  and  is  finally  converted  into  a  varnish- 
like  mass.  Thin  layers  of  it  upon  wood,  dry,  on  exposure  to 
the  air,  to  a  varnish ;   upon  glass  it  becomes  only  viscous. 

By  treating  linoleic  acid  with  hydriodic  acid  and  amorphous 
phosphorus  it  is  converted  by  the  nascent  hydrogen  into  stearic 
acid. 

Linoleic  acid  does  not  volatilize  without  decomposing,  and 
when  distilled  yields  products  different  from  those  obtained 
from  oleic  acid ;  no  sebacic  acid  is  formed.  Nitrous  acid,  or 
hyponitrous  acid,  renders  linoleic  acid  viscous,  but  without  sep- 
arating crystals  of  elaidic  acid  or  of  an  allied  acid.  By  the  action 
of  nitric  acid  a  smear}'  resin  is  produced. 

In  the  many  investigations  of  linoleic  acid  by  F.  Mock,  L. 
M.  Norton,  N.  A.  Richardson  and  especially  by  K.  Hazura,  it 
has  been  found  that,  like  ricinoleic  acid,  linoleic  acid  is  a  mix 
ture  of  various  acids.  Hazura  included  in  his  investigations 
the  fluid  fatty  acids  of  linseed  oily  hemp  seed  oil,  poppy  oil,  nut 
oil  and  cotton  seed  oil,  and  established  in  them : 

Linolic  acid,  CisHsaOs  ==  CnHjj.COOH, 

Linolinic  acid  and  the  isomeric  isolinolinic  acid,  CuH„0,  = 
CitH^COOH, 

Oleic  acid,  CwHs^O.  =  CnHw.COOH. 


Composition  of  Linoleic  Acids. 


Per  cent  of  fatty 
acids  from 

Linolinic  acid 

Isolinolinic  acid  .  •  • 

Linolic  add 

Oleic  acid 


Unseed  oil. 

Hemp-seed 
oil. 

Nut  oil. 

Poppy  oil. 

\l 

"5 

13 

5 

65 

15 

^■^ 

— 

5 

70 

80 

6s 

IS 

»5 

7 

30 

Cotton-seed 
oU. 


60 
40 
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These  non-saturated  fatty  acids,  when  oxidized  in  their  alka- 
line solutions  with  potassium  permanganate,  add  up  as  many 
hydroxyl  groups  as  they  contain  free  equivalents,  and  give 
saturated  oxyfatty  acids  with  the  same  number  of  carbon-atoms 
in  the  molecule.     Thus  are  formed  from  : 

Oleic  acid     I  r  H  O         DioxysUaric  acid     "i  CjyHjj(OH), 
ElaTdic  acid  J     »»    «♦   *        IsodioxyiUarU  add  \        COOH 

LinoHc  acid  CiaH^O,     TetraoxyiUarU  and  C„Hj, (OH)4.COOH  =  stUivic  add. 

LinoUnic  acid     1  i-  xr  o      HexoxystearU  add     \       ^  „    t-virw  nru^xj 

M  f  '^"""°'    /sa»exoxys:,aru  acid  /  °°  C„H„(HO).COOH  = 

Linusic  add^  eventually  Isolinusic  add. 


iBolinolinic  add 


In  observing  the  process  of  drying,  Hazura  and  Bauer  found 
that  these  drying  acids  exhibit  a  similar  behavior  towards  thd 
oxygen  of  the  air,  the  only  difference  being  in  the  time  re- 
quired for  oxidation,  linolinic  and  isolinolinic  acids  drying 
most  rapidly. 

COMPOSmON  OF  THE  OXYACIDS  OF  LiNOLEIC  ACIDS. 


lOO  parts  of  fatty  acids 
from 


Give  when  oxidized 


Dioxystearic  acid  . . . . 

Sativic  acid 

Linusic  acid ^ 

Isolinusic  acid j 


Linseed  oil. 


Hemp -seed 
oil. 


Nut  oil. 


Poppy  oil. 


Cotton- 
seed oil. 


Oxyfatty  acids. 


1.2  p.  c. 
6.5    " 


4.0  p.  c. 
24.0    ** 


20.3 


« 


2-5 


<( 


2.5  p.  c. 
25.0    " 

2.0    " 


8.5  p.  c. 

18.5  « 
6.3  " 


23.0  p.  c 

3I.S  " 


7.  Separation  of  the  Fatty  Acidsy  and  Examination  of  the 
various  Fatty  Acids  contained  in  a  Fat  or  Oil, 

The  separation  of  the  diflferent  acids  of  the  fatty  acid  series 
is  an  operation  which  frequently  occurs  in  the  laboratory. 

With  liquid  volatile  fatty  acids  the  purpose  can  frequently  be 
approximately  effected  by  fractional  distillation,  /.  ^.,  by  col- 
lecting the  portions  of  a  distillate  volatilizing  at  varying  boiling 
points,  and  with  solid  fatty  acids  by  crystallizations. 
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But  with  volatile  fatty  acids  the  separation  is  far  more  eflfect- 
ively  accomplished  by  a  partial  saturation  of  the  acid  mixture 
with  a  base,  and  distilling  ofT  the  portion  not  fixed ;  and  with 
solid  fatty  acids,  by  fractional  precipitation  of  the  dissolved 
acids  with  a  salt  of  the  alkaline  earths  or  lead.  The  former 
method  was  first  successfully  used  by  Liebig  for  the  separation 
of  such  volatile  fatty  acids  as  butyric,  valerianic,  and  acetic 
acids,  while  Heintz  first  employed  fractional  precipitation  for 
the  separation  of  solid  fatty  acids. 

Separation  of  volatile  fatty  acids, — One-half  of  a  mixture  of 
valerianic,  butyric,  and  acetic  acids  is  saturated  with  sodium 
carbonate ;  the  non-saturated  half  is  then  added  and  the  mix- 
ture distilled.  By  this  operation  the  acetic  acid  forces  the 
valerianic  and  butyric  acids  from  their  sodium  salts,  and  the 
valerianic  acid  the  butyric  acid  from  its  sodium  salt. 

According  to  the  quantity  of  the  separate  acids  distilled, 
acetic  acid  being,  for  instance,  present  in  greatest  quantity,  all 
the  valerianic  acid  together  with  the  butyric  acid  passes  over, 
and  even  some  acetic  acid,  while  a  so-called  acid  sodium  acetate 
remains  in  the  residue.  If,  however,  butyric  acid  preponder- 
ates, the  distillate  contains  first  pure  butyric  acid,  while  sodium 
acetate  and  sodium  valerate  remains  behind.  By  continued 
distillation,  valerianic  acid  with  some  butyric  acid  passes  over. 

The  remaining  residue  of  sodium  acetate  with  small  quan- 
tities of  sodium  valerate  is  subjected  to  distillation  with  dilute 
sulphuric  acid,  the  acetic  acid  being  obtained  in  the  distillate. 

By  repeating  the  operation  several  times  with  the  acid  mix- 
ture thus  separated,  the  greater  portion  of  the  different  acids 
can  be  obtained  in  a  pure  state,  which  is  readily  ascertained  by 
determining  the  boiling  point  by  passing  a  thermometer  into 
the  distilling  apparatus. 

The  manner  of  examining  other  mixtures,,  for  instance,  pro- 
pionic, butyric,  caproic,  caprylic  acids,  is  effected  in  the  same 
way.  The  fatty  acid  with  the  greater  content  of  carbon  and 
higher  fusing  point  drives  out  the  fatty  acid  with  the  smaller 
content  of  carbon  and  lower  boiling  point,  acetic  acid  being, 
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however,  an  exception.  This  behavior  of  the  fatty  acids  is  due, 
on  the  one  hand,  to  the  stronger  afHnity  to  the  base  used,  and, 
on  the  other,  to  the  action  of  the  higher  temperature  on  the 
strength  of  the  affinity. 

Separation  of  solid  fatty  acids. — ^The  separation  of  the  differ- 
ent solid  fatty  acids  is  effected,  according  to  ?{eintz,  as  follows : 

The  mixture  of  acids  to  be  separated  is  dissolved  in  so  large 
a  quantity  of  boiling  alcohol  that  no  fatty  acid  can  separate 
even  on  cooling  to  32°  F.  To  the  hot  alcoholic  solution  is 
added,  drop  by  drop,  sufficient  of  a  hot  alcoholic  solution  of 
sugar  of  lead  to  fix  only  about  one-half  of  the  acids  on  lead 
oxide. 

If  a  sufficient  quantity  of  alcohol  has  been  used,  the  boiling 
fluid  remains  clear  even  after  the  addition  of  the  sugar  of  lead. 
The  slightest  cooling  renders  it,  however,  turbid,  and  after 
complete  cooling,  all  the  lead  oxide  combined  with  about  one- 
half  of  the  fatty  acids  is  precipitated. 

Should  a  precipitate  be  already  formed  at  the  boiling  heat, 
too  little  alcohol  has  been  used,  and  it  is  best  to  add  then  a  few 
drops  of  acetic  acid,  instead  of  alcohol,  which  effects  a  ready 
solution  of  the  separated  lead. 

The  precipitate  is  filtered  and  washed  with  alcohol  until  the 
filtrate  is  no  longer  rendered  turbid  by  water. 

To  separate  the  fatty  acid  from  this  lead  salt,  it  is  taken  from 
the  filter  while  saturated  with  alcohol,  mixed  with  alcoholic 
hydrochloric  acid  and  boiled  for  a  short  time.  The  lead  chlor- 
ide formed  separates  completely  in  the  cold,  while  the  fatty 
acid  remains  dissolved  in  the  alcohol.  The  solution  still  con- 
tains, however,  small  quantities  of  the  ethyl  combinations  of 
the  fatty  acids  formed  by  boiling  with  alcoholic  hydrochloric 
acid.  To  destroy  these,  the  alcoholic  fluid  is  boiled  for  some 
time  with  an  excess  of  caustic  potash,  after  which  water  is  added 
and  the  greater  portion  of  the  alcohol  evaporated  by  distilla- 
tion. From  this  soap  solution  the  fatty  acid  is  then  to  be  sep- 
arated by  hydrochloric  acid. 

The  portion  of  the  fatty  acids,  which  by  the  above  precipita- 
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tion  with  sugar  of  lead  remains  unaltered  in  the  filtered  alco- 
holic solution,  is  then  precipitated  by  a  slight  excess  of  an 
alcoholic  solution  of  sugar  of  lead,  and  the  fatty  acid  separated 
from  this  precipitate  in  the  same  manner  as  above. 

The  separation  of  two  fatty  acids  effected  in  the  above  man- 
ner is  not  absolutely  complete ;  it  is,  however,  sufficient  to  sub- 
ject them  to  strong  pressure  instead  of  washing,  and  then  treat 
the  lead  salts,  as  stated,  by  boiling  with  alcoholic  hydrochloric 
acid,  and  to  decompose  the  alcoholic  solution  with  caustic 
potash,  and  later  on  with  hydrochloric  acid. 

The  boiling  points  of  the  two  portions  of  acid  must  be  deter- 
mined. If  they  are  nearly  alike,  and  there  is  no  essential  dif- 
ference in  their  physical  properties,  it  may  be  safely  assumed 
that  the  substance  under  examination  is  not  a  mixture  of  var- 
ious fatty  acids,  but  consists  essentially  of  only  one,  which  may 
possibly  have  been  contaminated  by  a  small  quantity  of  another 
fatty  acid.  In  this  case  both  portions  are  combined  and  the 
acid  is  purified  by  crystallization  from  alcohol,  repeated  several 
times,  if  necessary. 

If,  however,  there  is  an  essential  difference  in  the  melting^ 
points  of  the  two  portions  of  acid  and  also  in  their  physical 
properties,  they  are  again  subjected  to  the  same  process  of 
separation,  which  is  repeated  until  the  physical  properties  are 
nearly  alike.  The  portions  finally  obtained  are  again  united 
and  crystallized  from  alcohol.  They  are  then  subjected  to  a 
further  examination  to  determine  their  nature. 

Three  or  more  fatty  acids  in  a  mixture  can  also  be  separated 
by  this  method  by  repeated  treatment  of  not  only  the  most 
extreme  portions,  which  contain  the  strongest  and  weakest 
acid,  but  also  the  medium  ones. 

In  case  one  of  the  separated  acids  assumes  a  beautiful  crys- 
talline structure  in  passing  from  the  liquid  into  the  solid  state^ 
it  is  not  necessary  to  execute  the  separation  with  this  portion 
in  the  manner  described,  as  it  can  generally  be  obtained  per- 
fectly pure  by  crystallizing  it  once  or  twice  from  an  alcoholic 
solution. 
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For  such  fractional  precipitations  of  mixed  fatty  acids,  barium 
acetate  or  magnesium  acetate  may  be  used  instead  of  sugar  of 
lead ;  in  fact,  magnesium  acetate  deserves  frequently  the  prefer- 
ence. 

For  the  separation,  for  instance,  of  stearic  and  palmitic  acids 
(the  mixture  which  was  formerly  termed  margaric  acid),  add  to 
the  hot  alcoholic  solution  one-seventh  of  its  quantity  of  mag- 
nesium acetate ;  in  the  precipitate  stearic  acid,  which  forms  the 
most  insoluble  salt  with  magnesium,  is  contained  in  a  prepon- 
derating quantity.  If  the  filtrate  is  again  mixed  with  a  quan- 
tity of  magnesium  acetate  not  nearly  sufficient  for  complete 
precipitation,  the  result  will  be  a  precipitate  containing  palm- 
itic acid ;  while  the  precipitate  obtained  by  the  third  operation, 
executed  in  the  same  manner,  will  contain  still  more  palmitic 
acid,  and  so  oh. 

The  precipitates  are  decomposed  with  hydrochloric  or  sul- 
phuric acid,  and  the  separated  fatty  acids  of  each  single  pre- 
cipitate, if  found  to  be  mixed  substances,  subjected  to  the  same 
treatment. 

Oleic  acid  is  readily  separated  from  the  fatty  acids.  After 
precipitating  the  mixture  with  lead  acetate  and  purifying  it  by 
washing  with  alcohol  and  then  treating  with  ether,  the  lead 
oleate  is  completely  dissolved,  while  lead  palmitate  and  lead 
stearate  remain  in  solution. 

The  decomposition  of  the  lead  salts  is  effected  in  the  known 
manner. 

Another  method  of  separating  the  oleic  acid  from  the  stearic 
and  palmitic  acids  is  based  upon  the  insolubility  of  the  last  two 
acids  in  a  mixture  of  30  volumes  of  alcohol  and  22  volumes  of 
acetic  acid,  in  which  oleic  acid  is  completely  soluble. 

By  evaporating  the  mixture  of  alcohol,  acetic  acid,  and  oleic 
acid,  the  latter  remains  behind  and  is  purified  by  saponifica- 
tion with  alkalies  and  re-separation  by  means  of  an  acid. 

The  separation  of  the  remaining  palmitic  and  stearic  acids  is 
effected  by  the  above-described  process. 
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Examination  of  the  Various  Fatty  Acids  Contained  in  a  Fat 

or  Oil. 

For  the  examination  of  the  various  fatty  acids  contained  in  a 
fat  or  oil,  their  mechanical  separation  must  first  be  effected, 
i,  e,y  the  solid  glycerides,  palmitin,  stearin,  etc.,  have  to  be  sep- 
arated from  the  liquid  glycerides,  olein,  etc. 

The  solid  fats,  tallow,  etc.,  can  be  pressed  off  at  once,  but  the 
softer  fats,  goose-grease,  laurel  butter,  butter,  etc.,  must  first  be 
exposed  to  a  sufficiently  low  temperature  to  allow  of  the  better 
solidification  of  the  more  solid  constituents,  and  the  fat  oils 
cooled  down  to  the  freezing  point. 

Pressing  off  is  best  effected  in  flannel,  and  gradually,  so  as 
to  give  the  fluid  portion  time  to  run  off. 

Both  the  fluid  portion  and  the  solid  portion  remaining  in  the 
press  cloth  are  saponified,  each  by  itself.  By  saponification, 
for  which  only  dilute  alkaline  lyes  should  be  used,  stearin  and 
palmitin  are  more  quickly  decomposed  than  olein.  If,  there- 
fore, by  the  saponification  of  the  fluid  part  of  the  fat  or  oil  the 
portion  difficult  to  saponify  is  pressed  off  and  further  saponified 
by  itself,  a  still  more  complete  separation  of  the  oleic  acid  from 
the  small  quantities  of  palmitic  acid,  stearic  acid,  etc.,  always 
present  in  the  fluid  portion,  is  effected.  Saponification  is 
facilitated  and  promoted  by  the  addition  of  some  alcohol,  the 
foaming  of  the  fluid  being  thereby  prevented.  In  case  the  sur- 
face of  the  fluid,  when  at  rest,  should  show  drops  of  fat,  more 
alcohol  will  have  to  be  added.  Saponification  is  complete  in 
ten  to  fifteen  minutes. 

The  warm  soap  solution  is  decomposed  with  sulphuric  or 
tartaric  acid ;  the  glycerin  and  fluid  volatile  acids  pass  into  the 
aqueous  solution ;  while  the  solid  fatty  acids,  together  with  the 
oleic  acid,  etc.,  float  on  top. 

The  aqueous  solution  is  saturated  with  a  salt,  for  instance, 
sodium  sulphate  (Glauber's  salt),  and  subjected  to  distillation. 
The  distillate  contains  the  volatile  fatty  acids,  which,  after  a 
partial  saturation  with  sodium  carbonate,  are  separated  by 
fractional  distillation. 
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The  solid  residue  obtained  by  the  decomposition  of  the  soap 
solution  is  Brst  separated  by  pressure  into  a  liquid  and  solid 
portion;  the  further  operations  required  will  be  understood 
from  what  has  been  already  said. 


CHAPTER  VII. 

GENERAL  TESTS   FOR   DETERMINING  THE   PURITY  OF  OILS. 

In  speaking  of  the  general  physical  properties :  color,  odor, 
taste,  specific  gravity,  consistency,  freezing  point,  fusing  point, 
solidifying  point,  as  well  as  of  the  more  particular  physical 
properties :  viscosity,  inflammability,  refraction,  spectrum 
phenomena,  polarization,  electrical  conductivity,  the  methods 
for  their  determination  have  been  given.  We  have  now  to 
deal  with  physico-chemical  examinations  which  are  dependent 
on  the  action  of  chemical  reagents,  while  the  physical  phenom- 
ena and  examinations,  such  as  the  determination  of  the  specific 
gravity  and  of  the  fatty  acids  separated  at  a  higher  tempera- 
ture, are  only  complementary  to  the  chemical  tests. 

So-called  qualitative  methods — chromatic  or  color  test^  elaldin 
test,  thermal  test,  cohesion  test — were  formerly  exclusively  used 
for  recognizing  the  purity  of  oils,  while  at  the  present  time 
more  stress  is  laid  upon  quantitative  methods — determination 
of  the  saponification  number  of  the  volatile  and  non-volatile  fatty 
acidSy  determination  of  the  quantities  of  iodine  which  fats  or 
fatty  acids  are  capable  of  absorbing ;  nevertheless  the  exami- 
nations according  to  the  first  method  should  not  be  abandoned. 
To  the  qualitative  methods  belong  also  the  determination  of  the 
specific  gravity  of  oils ,  etc,^  at  a  higher  temperature,  solubility  in 
alcohol,  glacial  acetic  acid,  etc. 

A.  Qualitative  Examinations, 

I.  Chromatic  or  color  test, — The  object  of  this  test  is  the 
production  of  the  characteristic  color-phenomena  which  oils 
show  with  various  chemical  reagents,  especially  with  concen- 
trated mineral  acids  or  mixtures  of  them.  In  refined  oils  the 
colors  appear  less  intense,  i,  e,,  with  a  paler  tone. 

(^172)     - 
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Oils  extracted  with  ether  and  petroleum-ether  also  show  the 
colorations  to  a  less  extent  than  expressed  oils. 

Of  the  reagents  used, 

Nitric  acid  of  1.18  to  1.20  specific  gravity,  mixed  with 
equal  parts  of  oil,  gives  the  following  colors : 

Yellowish:  beech-nut  oil,  castor  oil,  neat's-foot  oil,  white 
mustard  oil. 

Yellow:  niger  oil,  hazel-nut  oil,  linseed  oil,  nut  oil. 

Reddish-yellow:  almond  oil,  maize  oil,  peach-kernel  oil,  pea- 
nut oil. 

Yellow-red:  sesame  oil. 

Brownish-yellow :  black  mustard  oil. 

Brick-red:  German  sesame  or  camelina  oil. 

Red:  seal  oil. 

Greenish:  hemp  oil,  olive  oil,  wild  radish  seed  oil. 

Greenish-yellow:  crude  colza  oil. 

The  colors  will  appear  still  more  plainly  if  the  nitric  acid 
contains  a  trace  of  nitrous  acid. 

Indifferent  towards  nitric  acid,  are  Brazil-nut  or  Para 
nut  oil,  candle-nut  oil,  refined  colza  oil,  cotton-seed  oil,  radish- 
seed  oil,  sunflower  oil. 

Fish,  liver,  seal,  and  whale  oils  are  but  little  changed. 

Fuming  nitric  acid  of  i  .40  to  i  .45  specific  gravity  exerts  a 
verj'  energetic  influence  upon  many  oils ;  great  care  is  therefore 
to  be  exercised.  Add  8  to  12  drops  of  the  acid  to  30  to  40 
drops  of  oil  and  shake  immediately.  It  is  also  frequently  of 
great  advantage  to  observe  the  colored  zone  formed  by  care- 
fully allowing  the  acid  to  run  down  on  the  side  of  the  test-tube 
without  mixing  with  the  oil.  The  following  colorations  take 
place : — 

Yellow:  Brazil-nut  or  Para  nut  oil,  castor  oil. 

Red-yellow:  candle-nut  oil,  guizot  or  niger  oil,  peanut  oil. 

Yellow-red:  poppy  oil. 

Green:  hemp  seed  oil. 

Blue-green:  hazel-nut  oil. 

Red:  black  mustard  oil  (reddish),  nut  oil,  peach-kernel  oil, 
radish-seed  oil. 
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Cherry-red:  linseed  oil,  liver  oil,  white  mustard-seed  oil. 

Brown:  colza  oil,  cotton-seed  oil  (orange),  fish  oil,  sesame 
oil,  hemp  oil,  madia  oil  (red-brown),  maize  oil  (dark),  neat's- 
foot  oil,  olive  oil,  seal  oil  (red),  sunflower  oil  (reddish),  whale 
oil  (black). 

Sulphuric  acid  of  varying  concentration  is  used,  that  of 
1.60  to  1.70  specific  gravity  =10  parts  acid  of  1.840  specific 
gravity  and  4  parts  water,  being  best  adapted  for  the  purpose. 
With  acid  of  greater  concentration  the  transitions  take  place 
too  quickly,  in  consequence  of  carbonization.  The  test  is  to  be 
executed  in  a  small  porcelain  dish,  stirring  constantly  with  a 
glass  rod.  For  1 5  drops  of  oil,  5  drops  of  acid  are  used.  For 
the  better  observation  of  the  gradually  appearing  color  phe- 
nomena it  is  advisable  to  dilute  the  oil  somewhat  with  ether, 
carbon  disulphide,  or  benzine. 

Yellow:  candle-nut  oil. 

Green:  black  mustard  oil  (blue),  fish  oil,  sesame  oil,  niger 
oil  (gray),  hazel-nut  oil  (blue),  hemp  oil,  madia  oil,  maize 
oil,  olive  oil,  sunflower  oil  (bluish). 

Olive-green:  almond  oil,  peach-kernel  oil. 

Green-brown:  colza  oil,  poppy  oil,  radish  oil,  white  mustard 
oil. 

Brown:  neat's-foot  oil,  nut  oil,  peanut  oil. 

Black-brown:  whale  oil. 

Red:  beech-nut  oil,  Brazil-nut  or  Para-nut  oil,  cotton-seed  oil 
(purple),  German  sesame  or  camelina  oil. 

Red  brown:  seal  oil  (blood  like). 

Violet:  liver  oil. 

A  MIXTURE  OF  SULPHURIC   AND   NITRIC  AQDS,  composed  of 

equal  parts  of  the  concentrated  acids,  or,  for  a  more  gradual 
reaction,  of  equal  parts  of  water  and  of  these  acids,  produces, 
on  shaking  with  an  equal  volume  of  oil,  the  following  colors 
and  shades  of  these  colors : 

Yellow:  castor  oil,  nut  oil  (brown),  radish-seed  oil  (gray). 

Reddish-yellow:  almond  oil,  colza  oil  (crude  and  refined), 
maize  oil,  peanut  oil,  white  mustard  oil. 
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Green:  sesame  oil  (later  on  yellow-red),  hazel-nut  oil  (blue), 
hemp  oil  (finally  black),  olive  oil. 

Red:  beech-nut  oil  (slightly),  cotton-seed  oil,  German  se- 
same or  camelina  oil  (brown),  peach  oil  (peach),  poppy  oil 
(brick). 

Brown:  candle-nut  oil  (red),  fish  oil,  niger  oil,  linseed  oil 
(dark,  first  green),  liver  oil  (red),  madia  oil,  neat's-foot  oil, 
seal  oil,  sunflower  oil,  whale  oil  (dirty),  wild  radish-seed  oil. 

Black:  hemp  oil  (first  green). 

Potash  or  soda  lye  of  1.33  specific  gravity  gives,  on  shak- 
ing 3  volumes  of  oil  with  i  volume  of  lye;  the  following  emul- 
sions : 

White:  Brazil-nut  or  Para  nut  oil,  castor  oil,  colza  oil,  se- 
same oil,  neat's-foot  oil,  nut  oil,  olive  oil,  sunflower  oil. 

Gray^white:  almond  oil,  peach-kernel  oil. 

Yellowish:  beech-nut  oil,  black  mustard*  oil,  candle-nut  oil, 
hazel-nut  oil,  hemp  oil,  madia  oil,  maize  oil,  poppy  oil,  radish- 
seed  oil,  white  mustard  oil. 

Yellow:  German  sesame  or  camelina  oil,  linseed  oil. 

Flesh  color:  peanut  oil. 

Violet:  crude  cotton-seed  oil  (on  the  surface  after  standing). 

Red:  fish-oil,  liver  oil,  seal  oil,  whale  oil. 

Greenish:  wild  radish  seed  oil.  * 

Reddish — dark  red:  train  oils. 

Solution  of  zinc  chloride. — Mix  equal  parts  of  the  solu- 
tion and  oil  in  a  small  saucer  with  a  glass  rod.  The  colors  ap- 
pear either  immediately  or  after  standing.  A  solution  of  the 
consistency  of  syrup,  formed  by  the  deliquescence  of  the  dry 
zinc  chloride  in  the  air,  is  best  adapted  for  the  purpose.  The 
following  colorations  are  produced : 

White:  almond  oil,  castor  oil,  peach-kernel  oil. 

Green:  black  mustard  oil  (gray),  crude  colza  oil,  German 
sesame  or  camelina  oil,  niger  oil,  hazel-nut  oil,  hemp  oil 
(yellow),  linseed  oil  (pale),  maize  oil  (yellow),  radish-seed 
oil,  white  mustard  oil  (brownish). 

Brown:  cotton-seed  oil,  peanut  oil  (pale). 
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Red:  beech-nut  oil  (flesh  color),  Brazil-nut  or  Para  nut  oil 
(rose),  olive  oil  (table  oil,  slightjy  rose). 

Indifferent  towards  zinc  chloride  are  candle-nut  oil, 
sesame  oil,  linseed  oil,  madia  oil,  neat's-foot  oil,  nut  oil,  poppy 
oil,  sunflower  oil,  and  all  train  oils. 

Hydrochloric  acid. — Mix  equal  parts  (about  i  cubic 
centimeter  of  each)  of  acid  of  specific  gravity  1.125  and  oil, 
and  add  to  the  mixture  a  small  portion  (about  i  gramme)  of 
cane  sugar.  The  following  colorations  are  produced  after 
clearing  of  the  acid: 

Yellow:  almond  oil  (orange),  castor  oil  (orange),  cotton- 
seed oil  (orange),  linseed  oil,  olive  oil,  peanut  oil  (very  in- 
tense). 

Green  :  black  mustard  oil  (slightly),  hemp  oil  (yellow). 

Brown  :  crude  colza  oil  (very  strong),  liver  oil,  peach-kernel 
oil,  poppy  oil  (pale). 

Gray:  raddish-seed  oil. 

Violet:  sesame  oil. 

Indifferent  towards  hydrochloric  acid  are  beech-nut 

oil,  candle-nut  oil,  German  sesame  or  camelina  oil,  niger  oil, 
madia  oil,  maize  oil,  neat's-foot  oil,  poppy  oil,  raddish-seed  oil, 
sunflower  oil,  white  mustard  oil. 

*  The  coloration  of  the  hydrochloric  acid  sometimes  appears  in 
a  short  time,  or  only  after  3  to  4  hours.  In  8  hours  a  slight 
brownish  sugar  color  appears. 

Phosphoric  acid  (syrupy),  5  parts  acid  ==  1.120  specific 
gravity  evaporated  to  i  part  gives  in  the  proportion  of  i :  5 
volumes  of  oil  a  very  characteristic  red  coloration  for  train  oil, 
which  later  on  passes  into  black. 

Chlorine  in  the  form  of  gas  introduced  into  train  oils  colors 
them  black,  while  it  bleaches  most  other  oils. 

Solution  of  subacetate  of  lead  (Goulard's  extract)  ; 

Lead  plaster.  Many  oils  of  cruciferous  plants,  especially 
colza  and  mustard  oils,  when  heated  with  lead  plaster,  impart  to 
the  latter  a  brown  to  black  coloration  in  consequence  of  the  for- 
mation of  lead  sulphide  from  a  sulphur  combination  contained 
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in  these  oils.  The  presence  of  sulphur  in  these  oils  may  also 
be  established  by  the  addition,  after  saponification,  of  solution 
of  subacetate  of  lead,  or  immersing  a  slip  of  paper  saturated 
with  the  solution ;  blacking  is  due  to  lead  sulphide  formed. 
Cold  pressed  colza  oils  are  free  from  sulphur. 

Oils  extracted  with  carbon  disulphide  occasionally  contain 
carbon  disulphide,  the  presence  of  which,  according  to  O. 
Braun,  may  be  established  by  simple  saponification.  60 
grammes  of  oil  are  stirred  together  with  30  grammes  of  lye  of 
40^  Be  =  1.3846  specific  gravity,  and  the  resulting  soap 
allowed  to  stand  in  a  warm  place  for  one  hour.  With  oil  badly 
purified,  the  soap  becomes  dark  green  and  acquires  a  bad  odor. 

Nitrate  of  silver  solution.  A  solution  of  2  parts  nitrate 
of  silver,  10  parts  water,  and  88  parts  alcohol,  is  more  or  less 
reduced  by  some  oils  and  produces  a  brown-red,  dark-red,  or 
black  coloration  in  the  oils  of  cotton  seed,  bitter  almond,  hemp 
seed,  wild  radish  seed,  neafs  foot,  linseed,  peach-kernel  and 
colza.  Indifferent  towards  the  solution  are:  Oils  of  beechnut, 
castor,  mustard,  olive,  peanut,  sesame,  sweet  almonds. 

In  colza  and  mustard  oils  silver  sulphide  is  also  formed. 

The  test  is  executed  as  follows :  5  volumes  of  oil  and  i  vol- 
ume of  the  nitrate  of  silver  solution  in  a  test  tube  are  gradually 
heated  to  boiling.  The  reduction  takes  place  in  a  short  time, 
but  with  bitter  almond  and  peach -kernel  oils  only  after  stand- 
ing for  some  time.  A  longer  period  is  also  required  for  the 
reaction  when  5  volumes  of  the  oil  to  be  examined  are  diluted 
with  the  same  quantity  of  ether  and  i  volume  of  the  nitrate  of 
silver  solution  is  added.  The  test  tube  in  this  case  is  closed 
with  a  cork  and  allowed  to  stand. 
VOL.  1 — 12 
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2.  Eldidin  test.  This  test  is  based  upon  the  conversion  of 
olein  into  elaidin  by  the  action  of  nitrous  acid,  and  serves  for 
distinguishing  dr>'ing  from  non-drying  oils,  the  latter  forming 
solid  masses,  while  oils  such  as  cotton  seed,  beech  nut,  sun- 
flower, etc.,  which  stand  between  drying  and  non-drying  oils, 
become  only  butter-like  or  pasty.  By  observing  the  time  re- 
quired for  solidification  and  the  color  of  the  solid  mass,  an 
opportunity  is  also  offered  for  testing  the  purity  of  the  oils,  for 
instance  olive  oil,  almond  oil,  etc. 

The  elaidin  test  is  executed  as  follows :  Mix  in  a  test  tube 
by  occasional  vigorous  shaking  lO  volumes  oil,  i  volume  water, 
and  2  volumes  fuming  nitric  acid  of  specific  gravity  1.45.  After 
some  time  carefully  add  to  the  mixture  saturated  potassium 
nitrite  solution  by  allowing  it  to  run  down  on  the  wall  of  the 
tube,  and  observe  the  time  of  solidification. 

Poutefs  method  of  executing  the  eldidin  test  is  as  follows :  10 
grammes  oil,  5  grammes  nitric  acid  of  40  to  42^  Be.  and  i 
gramme  mercury  are  brought  into  a  test-tube  and  the  mercury 
dissolved  by  vigorous  shaking  for  3  minutes.  The  whole  is 
then  allowed  to  stand  20  minutes,  when  it  is  again  shaken  for 
I  minute.  From  this  period  on,  oils,  in  tests  made  in  the  Paris 
Municipal  Laboratory,  exhibited  the  following  behavior : 

Olive  oil  solidified  in  i  hour  —  minutes. 

Peanut  oil  ♦•  "  I     "      20        " 

Sesam6  oil  «*         "  3    "       5 

Colza  oil  "         "  3    "       5 

Sheep's  trotter  oil       •*         "  2 


«     « 


Linseed  oil  formed  a  red,  pasty  foam. 

Cod-liver  oil  became  pasty,  red  and  foamy. 

Whale  oil  behaved  in  the  same  manner. 

Hemp-seed  oil  remained  unchanged. 

Copper  may  be  substituted  for  the  mercury.  For  example 
10  cubic  centimeters  of  oil  are  brought  into  a  test-tube  together 
with  10  cubic  centimeters  of  25  per  cent,  nitric  acid  and  i 
gramme  of  copper  wire,  and  allowed  to  stand. 

Other  analysts  conduct  into  the  sample  of  oil,  floating  upon 
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a  small  quantity  of  water,  the  red  vapors  evolved  on   treating 
iron  with  nitric  acid. 

3.   Thermal  Ust.     By  the  tkerma/ oil  test  ^'^  33- 

of  Maumeni-Fekling,  the  degree  of  heat- 
ing is  determined  which  takes  place  on 
mixing  fat  oils  with  concentrated  sulphuric 
acid  of  66°  Be.  ^  1,840  specific  gravity 
Drying  oils  are  thereby  more  strongly 
heated  than  non-drying  oils,  but  oils  of  the 
same  group  also  show  considerable  varia- 
tions. 

For  the  application  of  the  test  the  same 
conditions  should  always  prevail,  i.  e„  the 
same  initial  temperature,  size  of  the  vessel, 
quantities  of  acid  and  oil,  etc. 

The  thermal  oil-tester  shown  in  Fig.  33 
is  very  suitable  for  the  purpose.  A  grad- 
uated cylinder,  B,  is  provided  with  an 
India-rubber  stopper,  through  which 
passes  the  stem  of  a  thermometer.  A,  so 
graduated  that  the  divisions  are  all  above 
the  stopper;  a  short  piece  of  tubing  also 
passes  through  the  stopper,  serving  as  a 
vent.  25  cubic  centimeters  of  oil  are  run 
into  the  cylinder,  and  then  5  cubic  centi- 
meters of  sulphuric  acid,  the  latter  by 
means  of  a  pipette,  applied  to  the  side  of 
the  cylinder,  so  that  the  acid  falls  to  the 
bottom  without  mixing  with  the  oil.  The 
stopper  and  thermometer  being  inserted 
and  the  temperature  taken,  the  end  of  C  is 
closed  by  the  finger,  and  the  whole  shaken 
for  a  few  seconds.  The  finger  is  then 
immediately  removed  from  C  and  the  ther-  "'  ^"J^^tSI^!"^' 
mometer  watched  so  as  to  mark  the  high- 
est point  to  which  it  rises,  and  hence  the  range  through  which 
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the  chemical  action  has  heated  the  mass.  Of  great  importance 
is  the  exact  specific  gravity  of  1.840  =  66^  Be.  of  the  acid 
used,  which  is  prepared  by  mixing  80  volumes  concentrated 
sulphuric  acid  and  20  volumes  fuming  sulphuric  acid. 

The  appended  table,  published  by  Allen,  gives  the  rise  in 
the  temperatures  of  oils  with  sulphuric  acid,  as  noted  by 
various  observers : 


Table  showing  the  Rise  in  the  Temperatures  of  Fat  Oils  when  Mixed 

wrra  Sulphuric  Acid. 


Oils. 


Olive  oil 

Almond  oil 

Colza  oils 

Peanut  oil 

Beechnut  oil 

Sesami  oil 

Cottonseed  oil,  crude 

"  refined 

Poppy  oil 

Niger  oil 

Hemp-seed  oil 

Nut  oil 

Linseed  oil 

Cocoanut-olein 

Castor  oil 

Lard  oil 

Tallow  oil 

Neat's-foot  oil 

Horse-foot  oil 

Whale  oil,  from  the  North 

"  from  the  South  . .   . . 

Porpoise  oil 

Seal  oil 

African  fish  oil 

Shark  liver  oil 

Cod-liver  oil 

Menhaden  oil 

Spermaceti  oil 

Dolphin  oil 

Oleic  acid 


Increase 

in  temper 
Baynes. 

ature  with 
Dobb. 

sulphuric 

acid<»C 

Mau- 
men^. 

Archbutt. 

Allen. 

42 
52-54 
57-58 

40 

35 
60-92 

39-43 
54-60 

41-45 
55^ 

41-43 
51-60 

74 
98 

— 

— 

47-60 
65 

— 

84 
77 

82 

61 

67-69 
74-75 

81 

lOI 

W3 

104-124 

— 

— 

104-1 1 1 
26-27 

41 

47 

— 

— 

46 

41-44 
51 

— 

— 

43 

— 

85-86 

92 

9« 
50 

— 

_ 

156 



92 

102-103 

116 

— 

123-128 

90 

"3 
126 

— 

— 

— 

51 

42 

37-5 

45-47 

41-47 

38.5 

For  the  application  of  Maumene's  test,  Jean*  has  constructed 

*Chem.  Zeit.,  1889.    Rep.  306. 
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a  Special  apparatus,  termed  by  him  "  thermeleometer."  The  oil 
holder  A,  Fig.  34,  is  4  centimeters  in  diameter,  6  centimeters 
high,  and  at  1 5  cubic  centimeters  is  provided  with  a  mark.  In 
the  acid  holder  B  is  ground  in  the  stopper  C,  to  which  is  fused 
a  tube  with  a  piece  of  rubber  tubing,  F, 
attached.     7"  is  a  thermometer  clamped  ^ 

Xo  B.     IS  cubic  centimeters  of  oil  pre- 
viously heated  to  from  1 04°  to  1 22°  F„ 
are  brought  into  A  and  5  cubic  centi- 
meters of  sulphuric  acid  of  65^*  B^.  into 
B.     B  is  then  placed  in  A,  stirring  at 
the  same  time    with   the   thermometer 
until  the  temperature  indicates  exactly 
86°  F.     The  apparatus  is  then  placed 
in  the  felt-lined,  brass  case  E,  the  acid 
is  forced   from   B  into  A   by  blowing 
through  the  rubber  tubing  F,  and  stir- 
ring continued  until  the  maximum  tem- 
perature is  reached.     A  table  for  gen- 
uine oils  may  be  made  for  general  use.     j^^.^  thewrleomctes. 
With  old  oils   yielding  different  num-   /«,  oil-holden  j9,  uHd-holdn; 
bers  the  ■■  heating  degree  "  of  the  fatty      ,^ifTi*£S'Si.'"'' 
acids  is  determined  at  an  initial  temper- 
ature of  86°  F.     Drying  oils  are  mixed  with  5  cubic  centimeters 
mineral  oil. 

Jean  found  the  following  heating  degrees : 

Fatty  acids. 

Olive  oil 106.7°  f-  "3"  ^■ 

LiDtMd  oil 141.8°  F.  238.3^  F. 

Colza  oil,  French 98.6°  F.  111.3°  F. 

«        rndian 98.6°  F.  iii.a»  F. 

In  many  cases,  Maumen^'s  test  may  serve  for  ascertaining 
the  purity  of  an  oil,  or  for  making  comparisons  regarding  the 
degree  of  drying. 

4.  Cohesion  test.  This  method,  introduced  by  Tomlinson,  in 
1864,  is  based  upon  physical  principles,  but  is  of  value  only 
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after  many  time  consuming  observations.  If  by  means  of  a 
glass  rod  a  drop  of  oil  is  allowed  to  fall  carefully  upon  the  per- 
fectly quiet  surface  of  distilled  water  in  a  basin,  a  counter  ac- 
tion of  several  forces  takes  place  the  moment  the  drop  spreads 
out  upon  the  surface,  adhesion  endeavoring  to  spread  the  drop 
as  a  thin  film  upon  the  surface,  while  cohesion  seeks  to  prevent 
it.     The  result  of  these  two  forces  forms  the  cohesion  figure,  and 

Kic.  35. 


it  is  claimed  that  the  particular  forms  assumed  by  films  of  var- 
ious kinds  are  sufficiently  well  defined  and  characteristic  to  be 
of  service  in  detecting  adulterations.  Fig,  35  exhibits  the  dif- 
ferent cohesion  figures  assumed  by  some  oils.  The  drops  give 
at  first  peculiar  smooth-edged,  circular  iridescent  disks;  how- 
ever, scallops  and  indentations  are  soon  formed,  or  minute  por- 
tions detached. 
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B.   Quantitative  Examinations, 

Quantitative  examinations  of  fats  and  oils  require  the  deter- 
mination of  the  content : 

1.  Of  all  the  fatty  acids.  Saponification  number;  Kotts- 
torfer*s  number. 

a.  Ester  number  =  Content  of  neutral  fat, 

b.  Acid  number  =  Content  of  free  acids. 

2.  Of  the  solid  fatty  acids,     Hekner's  number. 

3.  Of  the  volatile  fatty  acids,     Reicherfs  number, 

4.  Of  the  fatty  acids  of  the  non-saturated  hydrocarbons,  lo^ 
dine  number ;  HubVs  number. 

5.  Of  the  oxy fatty  acids.     Acetyl  number, 

I .  Determination  of  the   Saponification  Number, — Kottstorfer^s 

Number, 

a.  Ester  number.  For  saponification  each  molecule  fatty 
acid  glyceride  =  ester  or  neutral  fat,  requires  3  molecules 
alkali.  Since  there  is  a  difference  in  the  molecular  weights  of 
the  triglycerides,  varying  quantities  of  caustic  alkali  have  been 
used :  the  greater  the  molecular  weights  of  the  glycerides  or 
fatty  acids,  the  less  alkali  will  be  requisite. 

The  ester  number  indicates  how  many  milligrammes  potas- 
sium hydroxide,  KOH,  are  required  by  i  gramme  neutral  fat 
for  complete  saponification.  For  the  execution  of  the  test  an 
alcoholic  semi-normal  standard  potash  solution  and  semi- 
normal  standard  hydrochloric  acid  are  required. 

According  to  Kottstorfer,  i  or  2  grammes  of  filtered  oil,  or 
of  fat  purified  by  melting  and  filtering,  together  with  25  cubic 
centimeters  of  standard  potash  solution,  are  brought  into  a  wide- 
necked  flask  of  about  70  cubic  centimeters  capacity.  The 
whole  is  then  heated  in  a  water  bath  for  10  to  20  minutes — 
cocoanut  oil  only  12  minutes — and  gently  agitated  at  intervals, 
until  complete  solution  has  taken  place ;  after  a  few  minutes 
more  heating  to  ensure  that  saponification  is  complete,  the  re- 
sulting soap-paste  is  mixed  with  5  drops  phenolphthalein  solu- 
tion (i  phenolphthalein  to  100  alcohol)  and  the  unneutralized 


1 86  ANIMAL  AND    VEGETABLE   FATS   AND   OILS. 

alkali  titrated  by  semi-normal  standard  hydrochloric  acid« 
The  value  of  unneutralized  alkali  thereby  determined  is  de- 
ducted from  the  original  25  cubic  centimeters  used,  the  re- 
mainder having  been  consumed  for  the  saponification  of  the 
quantity  of  oil  or  fat  employed. 

The  semi-normal  potash  solution  is  prepared  by  dissolving 
28  grammes  of  pure  potassium  hydroxide,  KOH  =  56,  in  pure 
96  per  cent,  spirit  of  wine  =  0.832  specific  gravity  at  59°  F. 
and  filling  the  flask  up  to  the  liter  mark.  In  consequence  of 
the  oxidation  of  spirit  of  wine,  etc.,  the  solution  is  not  very 
durable,  and  its  standard  has  to  be  determined  each  time,  before 
use,  with  semi-normal  hydrochloric  acid.  For  this  purpose  25 
cubic  centimeters  of  the  alcoholic  potash  solution  are  heated  on 
a  water-bath  for  10  to  15  minutes  until  commencement  of  boil- 
ing, and  later  on  titrated,  after  adding  phenolphthalein,  with 
semi-normal  hydrochloric  acid,  and  this  standard  used  for  cal- 
culation. The  difference  between  the  non-heated  and  heated 
potash  solution  amounts  to  about  ^^  cubic  centimeter  of  the 
semi- normal  hydrochloric  acid.  The  potash  solution  must  be 
measured  exactly  at  59  °  F. 

According  to  the  quantity  of  fat  or  oil  used,  the  quantities  of 
potassium  hydroxide  consumed  are  to  be  calculated  to  i 
gramme  fat.  i  cubic  centimeter  semi-normal  potash  solution 
=  0.280  gramme  KOH  =  280  milligrammes. 

Becker  *  recommends  the  use  of  an  aqueous  normal  potash 
solution  in  place  of  the  alcoholic  semi-normal  potash  solution, 
and  to  saponify  i  or  2  grammes  of  fat  with  10  cubic  centi- 
meters of  normal  potash  solution  and  50  cubic  centimeters  of 
commercial  absolute  alcohol. 

Example,  1.532  grammes  of  olive  oil  have  been  saponified 
with  25  cubic  centimeters  alcoholic  potash  solution,  and  12.7 
cubic  centimeters  of  hydrochloric  acid  have  been  used  for  titrat- 
ing back.  25  cubic  centimeters  alcoholic  potash  solution  = 
22.5  cubic  centimeters  hydrochloric  acid,  i  cubic  centimeter 
hydrochloric  acid   =   0.0301    gramme   potassium    hydroxide. 

*  Corresp.  Blatt  d.  Ver.  analyt.  Chemiker,  2,  57. 
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Hence  for  sapo'nilication  the  22.5  —  12.7  =  9,8  cubic  centi- 
meters of  hydrochloric  acid  consume  equivalent  quantities  of 
potassium  hydroxide,  i.  e.,  9.8  x  0.0301  grammes  =  294.9 
milligrammes  for  1.532  grammes  of  oil,  or  Z94.9  :  1.532  = 
[92.5  milligrammes  potassium  hydroxide  for  i  gramme  of  oil. 
Hence  the  saponification  number  of  the  oil  examined  is  192.5. 
Instead  of  the  saponification  number  Allen  proposes  to  give 
the  saponification  equivalent,  i.  e.,  the  quantity  of  fat  saponifia- 
blc  by  I  equivalent  or  56.1  parts  potassium  hydroxide.  This 
number  is  obtained  by  dividing  5610  by  the  saponification 
number.  However,  this  mode  of  calculation  offers  no  advan- 
tage. 


Ester  Numbers  u 


B  Glycerides. 


Batrrin 

Okproin 

LinoleiD |  C 

(Margarin) C 

Myiittin I  C 

Olein ;  q 

Pilmatin j  C 

Ricinoleia Q 

Stearin C, 


C.sH„0«  I 
(^H„0. 
C„H„Q.  I 


■21 


100  parts  glyce- 

,• 

ride  require 

1 

NaOH. 

J 

Part.. 

,  PaiU. 

i 

39-73 

'  5560 

556/jo 

4^^ 

3"-2S 

13A8 

i  26.31 

263.20 

"4.23 

:   19.90 

199.00 

I   33-26 

333.60 

190.00 

11.86 

13-48 

18^7 

.88.70 

b.  Determination  of  the  acid  number.  Many  fats  contain  free 
fatty  acids,  and  besides  those  referred  to  on  p.  1 12,  there  may 
be  mentioned  becuiba  tallow,  nutmeg  butter,  chaulmoogra  oil, 
etc.  Many  oils,  however,  also  contain  free  fatty  acids  and  a 
certain,  though  not  too  high,  content  of  them  seems  to  be  re- 
quisite for  the  agreeable  taste  of  table  oils.  Each  molecule  of 
fatty  acid  requires  for  neutralization  or  saponification  i  mole- 
cule  of   potassium   or   sodium    hydroxide,   the   saponification 
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number,  in  this  case  called  acid  number^  being  the  lower  the 
higher  the  molecule  weight  of  the  fatty  acid  is.  The  acid 
number  indicates  how  many  milligrammes  of  potassium  hydrox- 
ide are  consumed  for  free  acids  in  i  gramme  of  fat. 

For  the  determination  of  the  free  acid  5  to  lO  grammes  of 
the  fat  carefully  melted  and  filtered  are  weighed  up  in  a  flask 
of  50  cubic  centimeters  capacity  and  mixed  with  sufficient  of  a 
mixture  of  ether  and  alcohol — 20  parts  ether,  5  parts  alcohol — 
for  the  solution  of  the  fat.  Since  commercial  ether  generally 
shows  an  acid  reaction,  it  is,  before  using  it  for  solution,  mixed 
with  a  few  drops  of  phenolphthalein  solution,  and  then,  drop  by 
drop,  with  alcoholic  potash  solution  until  a  constant  rose-color 
appears ;  or  the  mixture  is  for  some  time  agitated  with  calcined 
magnesia  and  filtered.  The  ethereal  solution  of  fat  is  then 
titrated  with  alcoholic  semi-normal  potash  solution  until  a  con- 
stant violet  color  appears.  It  is  better  to  use  decinormal  solu- 
tion. 

From  the  quantity  of  potash  consumed  and  the  quantity  of 
fat  obtained,  the  acid  number  requisite  for  the  neutralization  of 
I  gramme  of  fat  is  calculated. 

If  the  examination  of  a  fat  requires  the  determination  of  the 
content  of  acid,  the  acid  number  is  first  determined  and  then 
the  ester  number^  the  sum  of  both  being  the  actual  Kbttstorfer 
saponification  number.  It  indicates  how  many  milligrammes  of 
potassium  hydroxide  one  gramme  of  fat  requires  for  saponifica- 
tion. The  determination  of  a  saponification  number  is  eflfected 
according  to  the  same  method  as  the  ester  number.  The  mean 
molecule  weight — M — of  the  insoluble  fatty  acids  in  the  oils, 
etc.,  is  calculated  from  the  saponification  number — K — ,  or 
from  the  number  of  cubic  centimeters — Cc — of  semi-normal 
potash  solution  requisite  for  the  neutralization  of  i  gramme  of 
fat  or  oil. 

q6ooco       2000 


TESTS    FOR    DETERMINING   THE   PURITY   OF   OILS. 


E  Pure  Fattv  Acids. 


Capioic 

I.inoleic  •  — 
(Margaric).- 

oiac.^  '.'.'.'. 

Palmitic 

Ridnoieic... 


IS 


Parts  by  Part*  by 
weight  weight 
NaOH.       KOH. 

63.63 

48.Z8 
zS.00 


198.6 
318.7 
188.0 


Acid  Nlubers  of  the  Fattv  Acids  of  a  Few  Oils,  Etc. 
Fatly  Aci<h  from  '  Number  '^'"^  *''* ''°"'  ■  ^ 


Almond  oil \  304-30J 

Outoroil 1S7-188 

Coliaoil 181-182 

Cotton-seed  oil I  204-205 

1-«"1 215-217 

LiDieed  oil 198-199 

liver  oil  (medicinal) I  203-204 

Nut  oil 108-209 

Olive  oil 199-200 


Palm  oil 206-207 

Palm-kernel  oil  j  26;-266 

Peanut  oil !  196-197 

Poppy  oil I  204-205 

Sesam6  oil I  197-198 

Sunilower-ieed  oil j  201-202 

Tallow  (bee() 205-206 

Tallow  (sheep) 206-207 


Regarding  the  practical  value  of  Kottstorfer's  process,  Alfred 
H,  Allen,  in  a  paper  read  before  the  Society  of  Public  Analysts, 
June,  1886,  says:  "The  practical  value  of  Kottstorfer's  pro- 
cess largely  depends  on  the  accumulation  of  evidence  as  to  the 
limits  of  variation  of  neutralizing  powers  exhibited  by  different 
samples  of  oil  of  the  same  kind,  and  hence  1  have  been  at  some 
trouble  to  collect  data  on  the  subject.  These  data  are  given  in 
the  following  table,  which  contains  results  obtained  by  Kotts- 
torfer  (K.),  F.  W.  and  A.  F.  Stoddard  (S.),  L.  Archbutt  (L.  A.), 
E.  Valenta  (V.),  R.  Moore  (M.),  Hiibl   (HI.).  Hehner  (H.), 
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W.  H.  Deering  (D.),  A.  H.  Allen  (A.),  and  many  others.  In 
many  instances  the  figures  are  the  average  or  extreme  results 
yielded  by  the  examination  of  a  large  number  of  samples. 
Still,  a  further  experience  will  doubtless  show  that  the  limits 
stated  in  the  table  in  many  instances  require  modification. 

''The  table  gives,  in  most  cases,  the  number  of  samples  on 
which  the  figures  are  based,  together  with  the  percentage  of 
caustic  potash  required  for  saponification  and  the  '  saponification 
equivalent '  corresponding  thereto.  The  last  value  is  found  by 
dividing  the  percentage  of  KHO  required  to  saponify  the  oil 
into  5610.  It  presents  the  number  of  grammes  of  an  oil  which 
would  be  saponified  by  one  liter  of  normal  solution  of  any  al- 
kali. In  the  case  of  the  glycerides,  the  saponification-equiva- 
lent  is  one-third  of  the  molecular  weight;  but  in  the  case  of 
monatomic  ethers,  like  those  which  essentially  constitute  sperm 
oil  and  beeswax,  the  saponification-equivalent  is  identical  with 
the  molecular  weight: — 


Nature  of  Oil. 


A.  Oleins — 

Lard  oil 

Olive  oil 

Olive  oil  • 

Almond  oil  (sweet) 

Arachis  oil 

Tea  oil 

Sesam^  oil 

Cotton-seed  oil ... . 

B.  Rape  oil  class — 

Colxa  and  Rape  oils 

Rape  oil 

Mustard-seed  oil  -  • . 
Cabbage-seed  oil  . . 

C.  Vegetable     drying 

OILS — 

Linseed  oil 

Poppy-seed  oil  .... 
Hempseed  oil.    ..* 

Walnut  oU 

Niger-seed  oil 


nitial  of  Observer. 

No.  of 

samples. 

S. 

•  • 

Jv«,  0.,  V . 

30 

JL*.  A* 

40 

V. 

12 

v.,  M.; 

2 

Davies. 

I 

v.,  M.,  A. 

^ 

S.,  D.,  v.,  M.,  A. 

Ix.,  i^'i   d. 

8 

L,  A. 

44 

v.,  A. 

2 

Davies. 

I 

S.,  C,  M.,  Li.  A. 

9 

v.,  M. 

2 

V. 

I 

V. 

I 

s. 

1 

2 

Percentage  of 

KHO  for 
saponification. 


19.1 

19.1 

18.93 

19-47 

19.13 

«9.55 
19.00 

19.10 


to  19.6 
to  19.6 
to  19.26 
to  19.61 
to  19.66 

to  19.24 
to  19.66 


17.08  to  17.90 
17.02  to  17.64 
174    to  17.5 

17.52 


18.74  to  19.52 
19.28  to  19.46 

19.31 

19.60 

18.9    to  19.1 


Saponification 
equivalent 


285  to  296 


•3*3*0330 


286  to  300 
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Nature  of  Oil. 


D.  Marine  Oleine — 

Cod-liver  oil . .  • .  •  • 

Menhaden  oil 

Pilchard  oil 

Seal  oil 

Southern  whale  oil. 
Northern  whale  oil. 
Porpoise  oil 

E.  Butter  Class — 

Butter  fat 

Cocoanut  oil 

Palm-nut  oil 

F.  Stearins,  etc. — 

Lard 

Tallow 

Dripping 

Butterine 

Goose  fat 

Bone  fat 

Palm  oil 

Cacao  butter 

« 

G.  Fluid  Waxes — 

Sperm  oil 

Bottlenose  oil 

H.  Solid  Waxes — 

Spermaceti 

Beeswax  .^ .^ 

Carnauba  wax  .....* 
Chinese  wax 

I.   Unclassed — 

Shark-liyer  oil  .... 
Wool  fat  (suint)  . . 

Lanolin 

Olive-kernel  oil  • . . 

Castor  oil 

Japanese  wood  oil . . 

Japan  wax 

Myrtle  wax 

Blown  rape  oil  . .  •  • 
Colophony 


Initial  of  Observer. 


A.,  V. 

A. 

S. 
S.,  D. 

D. 

A. 


JlVaf      V.y     ffi.)    A* 

v.,  M. 
V. 


K.,  D. 

K. 
M.,  A. 

V. 

V.)  A^.f  A. 

M.,V. 
V. 


d.y   'J*9   A* 

Atf  Lf  A..,  LJm 


H. 

H.)  rll.y  A. 

Hl.y    V.y   11  •)  L.    A. 

A. 


A. 
V. 
A. 
V. 

Davies. 

rl.y  xil.)  \.f  A. 

D.,  A. 

rl.|    A.y  JJ. 


No.  of 
samples. 


2 
I 

»  • 

4 
I 

4 

2 


large 

5 
I 


7 
9 

2 

large 
I 

2 

3 
I 


10 
5 


3 
large 

4 
I 


8 
1 
1 
I 
6 
I 
8 
2 

3 

4 


Percentage  of 

KHO  for 
saponification. 


18.51  to  21.32 

19.20 

18.6    to  18.75 

18.9    to  19.6 

19.JI 

18.85  to  22.44 

21.60  to  21.88 


22.15  ^^  23.24 
24.62  to  26.84 
22.00  to  24.76 


19.20 

19.32 
19.65 

19.35 
19.26 

19.09 

19.63 

19.98 


to  19.65 
to  19.80 
to  19.70 
to  19.65 

to  19.71 
to  20.25 


12.34  to  14.74 
12.30  to  1340 


12.73  to  13.04 
9.2    to    9.7 
7  92  to    8.51 

6.5 


14JOO  to  19.76 
17.00 

9.83 

18.85 

17.60  to  18.15 

21. 1 

21.01  to  22.25 
20. C7  to  21.17 
19.5    to  204 
17.0    to  19.3 


Saponification 
equivalent. 


250  to  303 


} 


241  to  253 
209  to  255 


-  277  to  294 


380  to  454 
419  to  456 


432  to  451 


284  to  400 

570.9 
298 

309  to  319 

266 

252  to  267 
205  to  273 
275  to  284' 
290  to  330 


"  On  inspecting  the  results  recorded  in  the  foregoing  table,  it 
appears  that  the  oils  of  Group  A,  consisting  of  olein  with  com- 
paratively little  stearin  or  palmitin,  neutralize  appreciably  equal 
quantities  of  potash,  and  that  whether  they  be  of  animal  (like 
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lard  oil)  or  vegetable  origin  (e,  g.,  olive  and  almond  oils).  On 
the  other  hand,  the  oils  of  Group  B,  all  of  which  are  derived 
from  cruciferous  plants,  neutralize  sensibly  less  alkali  than  those 
of  Group  A,  a  fact  which  is  explained  by  the  presence  of  a  con- 
siderable proportion  of  brassic  acid,  or  other  higher  homologues 
of  oleic  acid,  in  rape  oil  and  its  allies.  In  the  case  of  the  dry- 
ing oils,  the  saponification-equivalents  are  not  characteristic, 
but  they  point  to  the  probability  of  linoleic  acid  having  a  higher 
atomic  weight  than  that  commonly  attributed  to  it.  This  sug- 
gestion receives  support  from  a  variety  of  facts  which  have 
passed  under  my  notice,  and  I  hope  to  refer  to  it  more  at  length 
on  a  future  occasion.  The  marine  animal  oils.  Group  D,  do 
not  yield  very  characteristic  results,  except  in  contrast  with  the 
figures  of  Group  G,  the  oils  of  which  are  not  glycerides,  but 
consist  essentially  of  ethers  of  monatomic  alcohols.  Porpoise 
oil  is  remarkable  for  the  notable  proportion  of  valerin  contained 
in  it,  and  hence  for  its  comparatively  high  neutralizing  power. 
Valeric  acid  is  also  the  characteristic  volatile  fatty  acid  of  the 
butter. from  porpoise  milk.  The  glyceride  of  valeric  acid  also 
exists  to  a  considerable  extent  in  whale  oil,  blackfish  oil,  and 
dolphin  oil.  Chevreul  obtained  from  the  last-named  oil  as 
much  as  20.9  per  cent,  of  valeric  acid. 

"  Of  the  solid  fats,  those  of  Group  E  resemble  porpoise  oil  in 
containing  glycerides  of  lower  fatty  acids,  and  hence  possess 
lower  saponification-equivalents  than  the  oils  of  Group  F,  which 
consist  essentially  of  variable  mixtures  of  palmitin,  stearin,  and 
olein.  Japan  wax  also  contains  a  notable  proportion  of  lower 
fatty  acids.  A  sample  examined  by  Hehner's  butter  method 
gave  88.4  per  cent,  of  insoluble  acids  and  8.4  per  cent,  of 
soluble  acids,  calculated  asCsHuO,. 

**The  saponification-equivalent  of  rape-seed  oil  is  very  sen- 
sibly reduced  by  oxidation  or  *  blowing,'  a  fact  which  is  prob- 
ably due  to  the  formation  of  lower  fatty  acids ;  but  the  changes 
produced  in  oils  by  oxidation  much  need  further  investigation 
by  the  aid  of  recent  methods  of  analysis." 

Values  varying  but  little  from  those  given  in  the  preceding 
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table  have  subsequentiy  been  collected  and  recorded  by 
Schaedler  and  Benedikt,  and  are  found  in  the  appended  table. 
The  mean  number,  which  is  given  beside  the  minimum  and 
maximum  numbers,  is  not  always  the  arithmetical  mean,  but 
the  number  occurring  most  frequently  as  the  mean  with  oils 
most  thoroughly  studied. 


Saponification  Numbers  of  some  Fats,  Oils,  and  Waxf^. 


Names  of  Oils,  Fats,  etc. 


Almond  oil,  sweet 

"  bitter 

Apricot  kernel  oil 

Beeswax,  yellow 

Bone  oil 

Butter 

Cacao  butter 

Camauba  wax 

Castor  oil 

Charlock-seed  oil 

Cocoanat  oil 

Cod-liver  oil,  medicinal . 
**  brown . . . . 

Colza  oil 

Cotton-seed  oil,  refined . 

Galam  butter 

Hemp-seed  oil 

Japanese  wax 

I^emantia  oil 

Lard  

Lard  oil 

Linseed  oil 

Maize  oil • 

Menhaden  oil 

Mustard-seed  oil 

Neat's-foot  oil 

Niger  oil 

Nut  oil  (walnut) 

Olive  oil,  salad 

"        inferior 

Olive  kernel  oil 

Palm  oil 

Palm  kernel  oil 

Peanut  oil 

Pilchard  oil 

Piney  (Malabar)  tallow 

Poonseed  oil 

Poppy  oil 


Saponifica- 

Saponification number  according  to 

tion  num- 

Benedikt. 

ber  accord- 

mg  to 

( 

Schaedler. 

Minimum. 

Maximum. 

1      Mean. 

1 

190-192 

187.9 

196. 1 

192 

^— 

194.5 

196.6 

"95-5 

192-193 

— 

— 

192.9 

95-100 

97 

107 

— 

190-191 

— 

— 

— 

22C-230 
198-200 

— 

— 

227 

t 

— 

— 

— 

— 

— 

— 

79 

201-203 

176 

181.5 

180 

176-177 

— 

~~ 

255-260 

— 

185 

175-185 

17" 

213.2 

180-200 

— 

177-178 

"75 

"79 

"77 

194-195 

191 

210.5 

1       195 

192-193 

— 

— 

— 

192-194 

— 

— 

.   '93-" 

222-223 

— 

184-185 

— 

— 

"85.0 

195-196 

— 

— 

191 

196 

"93.5 

194-196 

1874 
188.1 

195.2 

"93 

18^189 

189.2 

188.6 

•  __^ 

— 

192 

— 

— 

— 

"74 

191-193 

— 

— 

— 

189-191 

189 

191 

190 

196-197 

196.0 

191-193 
186-188 

} 

185.2 

196 

"93 

188-189 

— 

^^ 

188.5 

201-202 

— 

— 

— 

246-248 

^■MM 

— 

257.6 

194-196 

190. 1 

"97 

"93.5 

__ 

186 

187.5 

186.7 

191-192 

— 

— 

— 

199-200 

— 

— 

— 

"93-194 

192.8 

194.6 

"93-7 
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Saponification  Numbers  of  somb  Fats,  Oils  and  Waxes. 


Names  of  Oils,  Fats,  etc. 


'  Saponifica- 
'  tion  num- 
iber  accord- 
I      ing  to 
I  Scbaedler. 


Porpoise  oil,  from  jaw . . . 
"  fluid  portion 

Pmnpkin-seed  oil 

Purgir  nut  oil 

Rape  seed 

Seal  oil 

Sesam^  oil 

Shark  liver  oil 

Spermaceti 

Spermaceti  oil 

Sunflower-seed  oil 

Tallow  (beef) 

Tallow  (sheep) 

Ungnadia  oil 

Whale  oil 

Whale  oil,  bottlenose  . . . 

"         fluid  portion . . 

Wild  radish-seed  oil  .... 

Wool  fat 


189-190 
230-231 
177-179 
180-195 
192-193 

108 

134 
193-194 

193-195 
192-195 

190-192 

190-191 


174-175 
169-170 


Saponification  number  according  to 
Benedikt. 


Minimum. 

Maximum. 

__ 

^__ 

253.7 

272.3 

191 
187.6 

196 
192.2 

130 

'344 

190 

191 

H3-9 
263 

189.5 
230.5 

»77 

1935 
190 

84.5 
108. 1 

132.2 
193 


190.5 

197.3 
290.0 

174 


Based  upon  the  results  of  his  experiments,  Allen  divides  the 
oils  into  three  groups : 

1.  Saponification  number^  i8g-ig6.  Lard  oil,  olive  oil,  niger 
oil,  cotton  seed  oil,  linseed  oil,  whale  oil,  seal  oil. 

2.  Saponification  number ^  ly^-iSg.  Colza  oil,  rape  oil^  liver 
oil,  pilchard  oil,  castor  oil. 

3.  Saponification  nnmber  below  775.  Spermaceti  oil,  shark 
oil. 

Valenta  also  distinguishes  three  groups  of  oils: 

1.  Mean  saponification  number^  /pj.o.  Apricot  kernel  oil, 
almond  oil,  bitter  almond  oil,  peanut  oil,  cotton-seed  oil,  olive 
oil  and  sesame  oil. 

2.  Mean  saponification  number^  188,1,  Pumpkin-seed  oil, 
olive  kernel  oil. 

3.  Mean  saponification  number^  ^77-^-  Colza  oil,  rape  oil, 
wild  radish-seed  oil,  castor  oil. 

The  saponification  number  may  therefore  be  used  for  distin- 
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gfuishing  oils  of  cruciferous  plants  (colza,  rape,  wild  radish-seed 
oils)  from  other  oils,  especially  those  of  the  first  group.  From 
castor  oil,  which  stands  in  the  same  group,  they  are  distin- 
guished by  dissolving  with  difficulty  in  alcohol.  The  method 
may  further  be  utilized  for  the  recognition  of  fluid  varieties  of 
wax  which  have  remarkably  low  saponification  numbers.  The 
fluid  portions  of  porpoise  and  dolphin  oils,  which  are  used  as  fine 
lubricants,  are  distinguished  by  very  high  saponification  numbers. 

The  low  saponification  number  of  the  oils  of  Valenta's  third 
group  is  due  to  the  large  content  in  these  oils  of  acids  of  high 
molecular  weight,  for  instance,  brassic  acid  in  colza  oil  and 
ricinoleic  acid  in  castor  oil. 

In  speaking  of  the  determination  of  glycerin,  p.  1 24,  it  has 
been  mentioned  that  from  the  results  of  the  saponification  of 
of  oils,  fats,  etc.,  which  besides  the  triglycerides  contain  no 
esters  of  the  monatomic  alcohols,  such  as  spermaceti  oil,  shark 
liver  oil,  etc.,  the  glycerin  can  be  calculated,  CsHsCXOs  fat  -f 
3KOH  (potassium  hydroxide)  =  3XOK  (soap)  f  CjHgO,  (gly- 
cerin). The  saponification  number  and  the  acid  number  are 
determined  according  to  the  Kottstorfer  method,  and  the  acid 
number  (hence  the  milligrammes  potassium  hydroxide  calcu- 
lated for  I  gramme  fat)  is  deducted  from  the  saponification 
number,  the  remainder  of  the  milligrammes  of  potassium  hy- 
droxide corresponding  in  the  proportion  of  168:92  to  the  gly- 
cerin. 100  milligrammes  of  potassium  hydroxide  =0.0547 
milligrammes  glycerin. 

There  are  required  for  the  saponification  of  100  parts 


Fatty  Acids  and  Glycerides. 


Stearic  acid . 
Palmitic  acid 
Oleic  acid  . . 

Stearin 

Palmitin.... 
Oldn 


Sodium 

Potassium 

hydroxide 

hydroxide 

.  NaOH 

KOH 

Parts 

Parts 

735-0 

507.1 

671.0 

45  7- « 

741.5 

503.5 

705.0 

535-7 

640.0 

479.7 

700.0 

530.9 
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After  saponification,  fats  and  oils  give  the  following  yields 
Yield  of  Fatty  Acids  and  Glycerin  from  the  Triglycerides. 


Triglyceride  of 


Butyric  acid 

Capric  acid 

Caproic  acid 

Laurie  acid 

Myriatic  acid 

Margaric  acid 

Oleic  acid 

Palmitic  acid 

Stearic  acid 


Molecular 

Molecular 

weight  of 

weight 

the  tri- 

of the 

glycerides. 

fatty  acids. 

302 

88 

594 

172 

386 

116 

638 

200 

722 
848 

228 
270 

884 

282 

806 
890 

X 

Fatty  acids 
per  cent. 


8741 

93M 
90.16 

94.04 

94.47 

95.52 
95.70 

95.28 
95-73 


Glycerin 
per  cent. 


30.64 
15.48 

23.83 
14.42 

12.74 

10.85 

10.40 

11.41 

»o.33 


Total. 


118.05 
108.62 

"3.99 
10846 

107.21 

106.37 

IG6.10 

106.69 

106.06 


2.  Determination   of  the   Fatty   Acids  Insoluble   in    Water. — 

Hehnet's  Number, 

The  fatty  acids  insoluble  in  water  commence  in  the  acetic 
acid  series  with  lauric  acid,  CisHmOs.  Butyric,  caproic  and 
capric  acids,  as  well  as  the  fatty  acids  with  odd  carbon-atoms 
— ^valerianic,  isovalerianic,  etc.,  acids — occurring  in  rancid  and 
putrid  fats  and  train  oils,  are  soluble  in  water.  To  the  insolu- 
ble acids  belong  further,  oleic  acid  and  ricinoleic  acid  and  their 
homologues. 

For  their  determination  5  to  10  grammes  of  pure  filtered  fat, 
etc.,  are  heated  together  with  2  to  4  grammes  of  dry  caustic 
soda  or  caustic  potash,  50  to  100  cubic  centimeters  of  water, 
and  1 5  to  30  cubic  centimeters  of  alcohol.  The  alcohol  pro- 
tnotes  saponification  and  prevents  foaming.  When  saponifica- 
tion is  complete,  heating  is  continued  until  the  alcohol  is 
expelled.  The  soap  paste  is  then  diluted  with  a  small  quantity 
of  water  and  decomposed  with  hydrochloric  acid.  The  mixture 
is  allowed  to  stand  quietly,  and  when  cold  the  fatty  acids  are 
lifted  off,  washed  with  luke-warm  water,  dried  first  with  filter- 
ing paper,  next  by  careful  heating  in  a  porcelain  dish,  and  later 
on  weighed.     With  oils  it  is  necessary,  and  generally  advanta- 
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geous  also  with  soft  fats,  to  add,  corresponding  to  the  quantity 
of  fat  used,  2  or  3  grammes  of  paraffin  fusing  at  about  149°  F., 
and  deduct  the  paraffin  later  on. 

The  paraffin  added  does  not  prevent  the  alkalimetric  deter- 
mination of  the  fatty  acids  or  of  the  saponification  number,  if 
such  determinations  have  to  be  made.  The  acid  number  is 
determined  according  to  Kottstorfer's  method. 


Content  of  Insoluble  Fatty  Acids  in  Some  Fats,  etc. 


Names  of  Oils,  etc. 


Almond  oil 

Butter  fat 

Cacao  btttter 

Charlock-seed  oil 

Cod-liver  oil 

Colza  oil 

Cotton-seed  oil 

Goose  grease 

Illipe  batter 

Lard 


Insoluble 
fatty  acids, 
per  cent 


94.02 
87-88 

94.73 
95.20 

93.87 
96.00 

95-30 

9547 

9564 

95-50 


Names  of  Oils,  etc. 


Margarin  oil 

Olive  oil 

Palm  oil 

Poppy  oil 

Sesun^  oil 

Suet  (beef  tallow) 

Tallow  (sheep) 

Ungnadia  oil 

Veal  fat 


Insoluble 

'fistty  acids, 

per  cent. 


95.60 

94.03 
86.20 

95-97 
95.82 

94.20 

94.50 
94.22 

94.54 


Hehnet's  number  is  equal  to  the  percentage  of  solid  fatty 
acids  in  a  fat,  and  is  therefore  calculated  to  lOO  parts  fat,  etc. 

It  is  frequently  necessary  to  determine  the  fusing  and  solidi- 
fying points  of  the  fat,  which  is  done  according  to  the  methods 
previously  given.  Some  results  will  be  found  in  the  appended 
table: 
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Fusing  and  Solidifying  Points  of  Fatty  Acids  from  Various  Oils,  etc. 


Fatty  acids  therefrom.. 


Names  of  Oils,  etc. 


Almond  oil  ...... 

Apricot-kemel  oil. 

Bone  oil 

Butter  fat 

Cacao  batter 

Castor  oil 

Cbarlock-seed  oil  . 
Chinese  tallow.... 

Cocoanut  oil 

Colza  oil 

Cotton-seed  oil  •  • . 

Galam  butter 

Hemp-seed  oil. . . . 
Lallemantia  oil  . . . 

Lard 

Linseed  oil. ...... 

Margarin 

Nutmeg  butter.... 


Fusing 

Solidify- 

point 

ing  point 

OF. 

«F. 

57    . 

41 

40 

32 

82.5 

79 

98.5-100.5 

91.5-93 

121 

116-116.5 

.    55-5 

37.5 

65.5-66 

52-535 

<34.5 

125.5 

68^70 

68-69 

%'" 

93-95 

96 

86 

66 

59 

52-53.5 

— 

100.5-102 
62.5 

95 
56 

107.5 

103 

108.5 

104 

j  Names  of  Oils,  etc. 


Olive  oil 

Palm  oil 

Peanut  oil ■ 

Piney  tallow 

Poonseed  oil  . .   .  < 

Poppy  oil 

Pumpkin-seed  oil 

Rape  oil 

Rubsen  oil < 

Sesame  oil 

Spermaceti  oil  ^.>. 
Suet  (beef  tallow) 
Sunflower-seed  oil 
Tallow  (sheep) .  • 
Ungnadia  oil  .... 

Walnut  oil 

Wool  grease 


Fatty  acids  therefrom. 


Fusing 

point 

^F. 


72.5-73-5 
167-169 

79-80.5 

134 

98 

69 
80.5-82.5 

70 

64.5 

77-79 
56 
114 

73.5 
120 

66 

68 

107 


Solidify- 
ing point 

°F. 

61-62.5 
107.5-109 

77 
130 

88 

62 

75 

55-5 

55.5 
71-72 

109.5 
62.5 

"5 

61 
104 


3.  Determination  of  the  Volatile  Fatty  Acids — Reickerfs 

Number, 

Reichert's  number  originally  indicated  the  number  of  cubic 
centimeters  of  decinormal  alkali  required  for  the  neutralization 
of  the  volatile  fatty  acids  obtained  from  2.5  grammes  of  fat.  At 
present  MeissFs  modification  of  Reichert's  process  is  almost  ex- 
clusively used :  5  grammes  of  .fat  are  brought  into  a  flask  and 
saponified  with  2  grammes  of  dry  caustic  potash  and  50  cubic 
centimeters  of  spirit  of  wine  of  0.872  specific  gravity.  After 
driving  oflf  the  alcohol  the  soap  is  dissolved  in  100  cubic  centi- 
meters of  water,  and  mixed  with  40  cubic  centimeters  dilute — 
about  10  per  cent. — sulphuric  acid  of  specific  gravity  1.060. 
For  distillation  of  the  mass  the  flask  is  connected  with  a  Lie- 
big  receiver,  and  no  cubic  centfmeters  distilled  oflf. 

1 00  cubic  centimeters  of  the  distillate  are  then  titrated  with 
decinormal  potash,  using  phenolphthalein  as  indicator,  and  the 
number  of  cubic  centimeters  of  decinormal  potash  consumed 
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increased  A  to  correspond  to  the  total  quantity  of  distillate.  To 
facilitate  the  driving  off  oi  the  fatty  acids  the  introduction  of 
steam  into  the  decomposed  soap-paste  is  of  advantage.  Any 
solid  fatty  acids  carried  along  are  filtered  oflf. 

The  Reichert-Meissl  number  is  the  number  of  cubic  centi- 
meters of  decinormal  potash,  which  have  been  consumed  for 
the  saturation  of  the  volatile  fatty  acids  soluble  in  water  ob- 
tained from  5  grammes  of  fat. 

The  Reichert-Meissl  number  generally  refers  only  to  butter 
fat,  which  should  not  consume  less  than  27  to  29  cubic  centi- 
meters of  the  decinormal  potash ;  pure  butter  fat,  according  to 
the  above  process,  requiring  27  to  31  cubic  centimeters. 

For  the  other  fats  and  oils,  with  the  exception  of  cocoanut 
oil  and  palm-kernel  oil,  this  number  is  of  less  importance,  the 
differences  between  the  separate  triglycerides  being  too  slight. 
The  rancidity  of  the  oils  exerts  no  special  influence  upon  the 
alkalimetric  results. 

The  appended  table  gives  the  content  of  volatile  fatty  acids 
in  some  fats : 


Names  of  Oils. 


Almond  oil ... . 
Castor  oil  . . . . . 
Cocoanut  oil*.  < 
Cod-liver  oil*  •< 
Cotton-seed  oil 

Lard 

Linseed  oil.... 

Olive  oil 

Palm  oil 

Palm  kernel  oil 


Cubic  centi- 
meters of 

decinormal 
potash. 


0.55 
4.0 

7-3 
040 

0.95 

1. 10 

0.9s 
1-5 
0-5 
3-4 


Names  of  Oils. 


Peanut  oil 

Poppy  oil 

Rape  oil  crude. .. 
Rape  oil  refined.. 

Seail  oil 

Sesam^  oil 

Suet  (beef  tallow) 
Sunflower  seed  oil 
Tallow  (sheep)  . . 
Walnut  oil  ...*... 


Cubic  centi- 
meters of 
decinormal 
potash. 


04 

0.60 

0.90 

asS 

2.6 

1.2 

1.0 

0.5 

1.2 

0.92 


Like  with  all  new  methods  of  technical  analysis,  a  large 
number  of  modifications  of  Reichert's  excellent  test  have  been 
proposed,  most  of  which  are  immaterial  and  offer  no  advantage. 

Wollny's  assertion  that  the  process  executed  according  to 
the  Reichert-Meissl  method  gives  throughout  faulty  results,  has 
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been  refuted  by  Raumer  and  by  Sendtner.  However,  since 
many  results  of  tests  of  fat  according  to  Wollny  have  passed 
into  literature,  his  method  may,  for  the  sake  of  completeness, 
be  given. 

Determination  of  Reickerfs  number  according  to  Wollny* 
5  grammes  of  clear  filtered  fat  are  brought  into  a  flask  of  300 
cubic  centimeters  capacity  (round  shape,  length  of  neck,  /to  S 
centimeters,  width  of  neck,  2  centimeters),  and  2  cubic  centime- 
ters of  50  per  cent,  soda  lye,  and  10  cubic  centimeters  of  96  per 
cent,  alcohol  added.  The  whole  is  then  heated  on  a  boiling 
water-bath  with  a  reflux  condenser  attached,  for  )^  hour,  and 
gently  agitated  at  intervals.  The  alcohol  is  then  distilled  off 
from  the  closed  flask,  whereby  the  latter  must  lie  at  least  ^  half 
hour  in  the  boiling  water-bath.  By  means  of  a  pipette  100  cubic 
centimeters  of  distilled  water  are  then  brought  into  the  flask, 
the  latter,  to  insure  against  evolution  of  carbonic  acid,  remaining 
y^  hour  in  the  water-bath,  so  that  the  soap  is  completely  dis- 
solved. The  clear  solution  is  then  cooled  off  to  122^  or  140°  F. 
— ^but  not  below — by  allowing  water  to  run  over  the  flask,  and 
immediately  mixed  with  40  cubic  centimeters  of  sulphuric  acid,t 
and  two  pieces  of  pumice  stone  the  size  of  a  pea.  The  flask  is 
then  immediately  connected  with  the  cooler  by  means  of  a  piece 
of  rubber  tubing,  which  should  not  be  too  narrow.  For  the 
cooler  serves  a  glass  tube  0.7  centimeter  in  diameter  which,  i  cen- 
timeter above  the  cork,  is  blown  into  a  bulb  2  to  2.5  centime- 
ters in  diameter,  and  immediately  above  it  is  bent  upward  in  an 
obtuse  angle ;  it  then  runs  in  this  direction  about  5  centimeters, 
when  it  is  again  bent  in  an  obtuse  angle  obliquely  downward. 
The  mixture  in  the  flask  is  heated,  without  boiling,  by  a  small 
flame  until  the  insoluble  fatty  acids  are  fused  to  a  clear  trans- 
parent mass,  when  exactly  no  cubic  centimeters  are  distilled 
off  into  a  measuring  flask  inside  of  half  an  hour.     After  mixing 

"*  ZeitBchrft  f.  Analyt.  Chemie,  21,  394. 

t  25  cubic  centimeters  of  sulphuric  acid  to  i  liter  of  water,  of  which  50  to  35  cubic 
centimeters  are  required  for  the  neutralization  of  two  cubic  centimeters  of  the  soda 
lye  used. 
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thoroughly  by  shaking,  lOO  cubic  centimeters  are  filtered  from 
the  measuring  flask  into  another  flask,  then  emptied  into  a 
beaker  and  titrated  with  decinormal  barium  solution,  using  i 
cubic  centimeter  phenolphthalein  solution  (0.5  gramme  phenol- 
phthalein to  i  liter  50  percent,  alcohol)  as  indicator.  When  a 
red  color  has  appeared  the  contents  of  the  beaker  are  poured 
back  into  the  flask ;  the  dissolved  fluid  is  then  returned  to  the 
beaker  and  titrated  until  a  just  perceptible  red  coloration 
appears.  From  the  number  of  cubic  centimeters  consumed, 
multiplied  by  i.i,  the  number  has  to  be  deducted,  which  is 
obtained  by  a  blind  experiment  (without  fat)  executed  in  the 
same  manner;  this  number  should  not  be  more  than  0.33. 

4.  Determination  of  the  Fatty  Acids  of  the  Non-saturated  Hydro- 
carbons— Oleic  Acid  and  Linoleic  Acid  Series — 

Iodine  Number. 

The  iodine  absorption  process  of  Baron  Hubl  is  based  upon 
the  fact  that  all  fats  contain  acids  of  various  series :  Homologues 
of  acetic  acid  CnHanOg — lauric,  myristic,  palmitic,  stearic  acids, 
etc. ;  homologues  of  acrylic  acid — CnHan— aOa— erucic,  hypogaeic, 
oleic  acids,  etc. ;  and  homologues  of  tetrolic  acid — CnHan— 40, — 
linoleic  acid,  etc. 

In  one  and  the  same  fat  the  quantities  of  these  acids  seem  to 
be  within  definite  limits,  while  in  different  fats  they  appear  to 
vary.  The  above  mentioned  three  series  of  acids  show  a  very 
characteristic  difference  in  their  behavior  towards  halogens — 
chlorine,  bromine  iodine — ^the  acids  of  the  saturated  hydro- 
carbons, hence  those  belonging  to  the  acetic  acid  series,  being 
under  ordinary  conditions  indifferent  towards  these  bodies, 
while  the  acids  of  the  non-:saturated  hydrocarbons  absorb 
halogens,  viz,,  those  of  the  acrylic  acid  series  and  ricinoleic 
acid  2  atoms,  and  those  of  the  tetrolic  acid  series  4  atoms. 
Hence,  according  to  the  varying  composition  of  the  fats,  the 
quantity  of  the  apparently  absorbed  haloid  must  vary,  especially 
as  there  is  a  difference  in  the  molecular  quantity  of  the  acids. 

Of  the  halogens,  iodine  has  been  found  most  suitable.     Ex- 
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periments  to  determine  the  quantity  of  bromine  which  a  iat  is 
capable  of  absorbing  were  first  made  by  Cailletet  (1857),  next 
by  Allen,*  and  further  by  Mills  in  connection  with  Snodgrassf 
and  Akill.}  Levallois,§  Halphen{|  and  Schlagdenhaufen  and 
BraunTT  have  also  experimented  with  this  method.  However, 
in  practice  the  use  of  iodine,  especially  in  the  form  proposed 
by  Hiibl,  has  been  found  preferable. 

At  the  ordinary  temperature  the  action  of  iodine  upon  fats  is 
very  sluggish,  and  at  an  increased  temperature  not  uniform; 
but  in  the  presence  of  mercuric  chloride  an  alcoholic  iodine 
solution  acts  readily  upon  the  non-saturated  fatty  acids,  ab- 
sorption-products of  chloride  of  iodine  being  formed,  while  the 
saturated  fatty  acids  remain  unchanged.  Most  fats,  as  well  as 
the  fatty  acids,  being  soluble  with  difficulty  in  alcohol,  solubility 
is  promoted  by  an  addition  of  chloroform. 

Hiibl's  iodine  number  indicates  the  quantity  of  iodine  which 
fixes  100  grammes  of  fatty  acid  or  fat. 


Namei  of  latly  acidi.  | 


ICO  gnminci  of  acid 

abiorb  iodine — Iodine 

nambcT. 


Erucic  acid 

Hypogxic  acid.  ■ 
Linoleic  acid  •  •  • 

LinoUc  udd 

LinolinicKid 

Oleic  acid 

Ricinoleic  acid. . 


For  the  determination  of  the  absorption  of  iodine  the  follow- 
ing solutions  are  required : 

I.,  Iodine  solution.  This  solution  is  prepared  by  dissolving, 
on   the  one   hand,  25  grammes  of  iodine   in    500  cubic  centi- 

•  Jour,  of  the  .Soc.  of  Chcin.  Indiutry,  1884.  65. 

tibid,  1SS3.  :ibid.  18S4. 

SJour.  Phatm,  Chim.,  1887,  i.  333. 

II  Jour.  Ytytxm.  Chim.,  1S89,  10,  247.        5  Mon.  Scient.,  1S91,  $91. 
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meters  of  98  per  cent,  alcohol  free  from  fusel  oil  (specific 
gravity  0.800),  and,  on  the  other,  30  grammes  of  mercuric 
chloride  in  500  cubic  centimeters  of  alcohol,  filtering  the  latter 
solution,  if  necessary,  and  mixing  the  two  solutions.  Since  the 
compound  solution  at  first  loses  strength,  it  should  be  allowed 
to  stand  at  least  1 5  hours  before  use. 

2.  Sodium  hyposulphite  solution.  Dissolve  24.8  grammes  of 
pure  well-crystallized  sodium  hyposulphite  in  a  liter  of  distilled 
water.  The  solution  is  durable  if  kept  in  the  dark,  or  in  a  dark 
bottle.  The  sodium  hyposulphite  solution  is  standardized  with 
chemically  pure,  freshly  sublimated  iodine.  Weigh  off  exactly 
0.20  gramme  iddine  and  dissolve  it  in  i  gramme  potassium 
iodide  and  10  grammes  of  water  in  a  beaker.  When  solution 
is  complete  add,  by  means  of  a  burette,  of  the  sodium  hyposul- 
phite solution  to  be  standardized  until  a  slight  yellow  colora- 
tion appears.  Then  add  some  starch  solution  whereby  the 
color  is  changed  to  blue,  and  continue  titration  carefully  until, 
by  the  addition  of  one  drop,  the  blue  color  disappears.  This 
hyposulphite  solution  serves  for  the  determination  of  the  value 
of  Hiibrs  iodine  solution,  10  cubic  centimeters  of  which  ap- 
proximately consume  20  cubic  centimeters  sodium  hyposul- 
phite solution. 

3.  Chloroform.  This  must  be  tested,  before  use,  as  to  its 
purity,  by  mixing  10  cubic  centimeters  of  it  with  10  cubic  cen- 
timeters of  Hiibrs  iodine  solution  and  determining  after  2  or  3 
hours  the  quantity  of  iodine  in  this  mixture,  as  well  as  in  the 
10  cubic  centimeters  of  iodine  solution  used.  If  the  two  num- 
bers agree  the  result  is  the  same. 

4.  Potassium  iodide  solution.  Dissolve  i  part  potassium 
iodide  in  10  parts  water.  The  potassium  iodide  should  be  free 
from  potassium  iodate. 

5.  Starch  solution.  Starch  powder  is  gradually  stirred  to- 
gether with  100  times  its  weight  of  distilled  water  and  heated 
to  boiling,  stirring  constantly.  By  adding  to  the  cold  solution 
a  few  drops  of  alcoholic  salicylic  acid  solution,  it  will  keep  for 
a  long  time. 
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The  operation  of  the  iodine  absorption  process  is  as  follows : 
Weigh  out  into  a  light  thin-walled  flask  of  200  cubic  centi- 
meters capacity  and  provided  with  a  glass  stopper,  of  drying 
oils  0.2  to  0.3  gramme,  of  non-drying  oils  0.3  to  0.4  gramme, 
and  of  fats  0.8  to  i  gramme.  Fats  are  first  carefully  melted  in 
a  small  glass.  The  respective  fat  is  dissolved  in  10  cubic  cen- 
timeters chloroform,  and  20  cubic  centimeters  of  iodine  solution 
added.  If,  after  agitation,  the  fluid  is  not  clear,  add  some  more 
chloroform  ;  and  if  in  a  short  time  it  becomes  almost  discolored, 
add  10  cubic  centimeters  more  of  iodine  solution.  In  1 5^  to 
2  hours  reaction  is  complete,  and  the  quantity  of  iodine  added 
in  excess  is  then  determined  by  mixing  the  fluid  with  10  to  15 
cubic  centimeters  of  potassium  iodide  solution,  agitating,  dilut- 
ing with  150  cubic  centimeters  of  water,  back-titrating  care- 
fully with  sodium  hyposulphite  until  a  slight  yellowish  colora- 
tion appears,  then  adding  some  starch  solution,  and  finishing 
titration  (with  the  flask  closed),  agitating  frequently.  The  dif- 
ference between  the  iodine  solution  used  and  back-titrated 
gives,  with  regard  to  the  strength  of  the  hyposulphite  solution, 
the  quantity  of  iodine  fixed  by  the  fat.  The  quantity  of  iodine 
found,  Hubl  gives  in  per  cent,  of  the  fat,  and  calls  this  number 
the  iodine  number. 

The  age  of  the  fat  is  without  perceptible  influence  upon  the 
iodine  number,  as  long  as  its  composition  has  not  suffered  far- 
reaching  changes,  for  instance,  by  long-continued  action  of  the 
air,  of  light,  etc. 

This  method  may  be  made  still  more  useful  by  determining 
the  iodine  number  not  for  the  fats  themselves,  but  for  the  fatty 
acids  separated  from  them.  In  this  case  the  determination  of 
the  fusing  points  of  the  fatty  acids  may  be  combined  with  the 
test. 

Hiibl's  iodine  solution  rapidly  loses  strength,  this  change 
being  due  to  a  decomposition  of  ketone  and  aceton  bodies  con- 
tained in  alcohol.  It  is  therefore  best  to  keep  the  two  solu- 
tions— alcoholic  iodine  solution  and  mercuric  chloride  solution 
— separate,  and  only  mix  them  6  to  12  hours  before  use. 
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The  appended  table  contains  the  iodine  numbers  for  fluid  fats 
determined  by  Hiibl*  and  by  Moore:  f 


Character  of  the  Oils. 


I.  Drying 


II.'  Drying 


III.  Undetermined      (Mode- 
rately Drying) 


IV.  Non-drying. 


V. 


Names  of  Oils. 


Linseed  oil 

Hemp-seed  oil 

Nut  oil 

Poppy  oil, 

Pmnpkin-seed  oil .  < 

Sesam^  oil 

Cotton-seed  oil ... . 

Peanut  oil 

Rape-seed  oil . . . . . 

Apricot  kernel  oil    < 
Almond  oil  (sweet) 

Mustard  oil 

Castor  oil 

Olive  oil 

Olive  kernel  oil  . . . 

Bone  oil 


Iodine  Number 
according  to 

Habl.     ,    Moore. 
(Mean)    j 


158 


143 
H3 
136 
121 


106 
106 
103 
100 


[100 
98.4 

84.4 
82.8 

81.8 


68.0 


155.2 


154.0 


102.7 
108.7 

874 
103.6 


98.1 
96.0 

83.0 


Since  the  publication  of  Hiibl's  method  in  testing  oils,  the 
iodine  number  is  first  determined,  so  that  numerous  statements 
are  found  in  literature  which  all  prove  the  constancy  of  the  iodine 
number  of  each  variety  of  oil  within  narrow  limits.  Thus  Die- 
terich  alone  has  examined  200  olive  oils,  and  always  found  their 
iodine  number  between  81.0  and  84.5.  The  drying  oils  only, 
especially  linseed  oil,  showed  greater  diflferences,  because,  on 
the  one  hand,  the  determinations  had  been  made  with  an  insuf- 


*  Dingler's  Jour.,  253,  281. 
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ficient  excess  of  iodine,  and,  on  the  other,  the  iodine  numbers 
of  older  oils  are  lower. 

Iodine  Numbers  of  some  Oils,  etc.,  and  of  the  Fatty  Acids  Separated 

Therefrom. 


Names  of  Oils,  etc. 


Almond 

Apricot  kernel . . . . 

Bone 

Butter 

Cacao  butter 

Castor  oil 

Charlock 

Cocoanut  

Cod-    (  medicinal, 
liver  \  brown . . . . 

Colza.. 

Cotton-seed 

Hemp 

Japanese  wax 

Lallemantia 

Lard 

Linseed  ■ 

Maize 

Olive  (salad) 

Olive  kernel 


Iodine  numbers 

Of  the 

Of  the 

oils. 

fatty  acids. 

82-83 

87-90 

100-102 

— 

60-68 

5^57 

28-32 

34 

93-94 

87-88 

96-97 

— 

9-9.5  , 

8.5-9.0 

128-130  1 

— 

135-140 

— 

lOO-IOI  '• 

97-99 

106-107 

112-115 

H3-I44 

122-124 

4.2 

— 

162 

167 

59-60 

177-178  1 

155 

1 19.5 

82-83 

82 


87-88 


Iodine  numbers 


Names  of  Oils,  etc. 


Palm 

Palm  kernel 

Peanut 

Poonseed 

Poppy 

Pumpkin  seed  . . . . 

Purgir-nut 

Rape-seed 

Seal 

Sesame 

Spermaceti 

Spermaceti  oil ... . 

Sunflower ........ 

Suet  (beef  taUow). 
Tallow  (sheep)  ... 

Ungnadia 

Walnut 

Wild  radish-seed . . 
Wool  grease 


Of  the 
oils. 

5».5 
I3-5-M 
94-96 

63 

134-135 
121 

127 

98-100 

125-130 

103-105 

108 

88 

129 

38-40 

43-44 
81.5-82 

142-143 


.     Of  the 
'  fatty  acids. 


12 
96-97 


IIO-III 


133-134 
26-30 

86-87 


The  following  tables  represent  the  collected  results  published 
during  the  last  few  years  by  Hiibl,  Moore,  Dieterich,  Wilson, 
Erban,  Herz,  Spiiller,  Horn,  Richter,  Kremel,  Beringer,  Bene- 
dikt,  and  others,  and  recorded  by  Benedikt* 


*  Analyse  der  Fette  und  Wachsarten,  2*"  Aufiage,  1892. 
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Iodine  Numbers  of  Liquid  Fats. 


Iodine  Number. 


Names  of  Fats. 


Linseed  oil,  fresh 

Linseed  oil,  commercial. . 

Lallemantia  oil 

Hempseed  oil 

Nut  oil 

Poppy  oil 

SunfIower>seed  oil 

Purgir-nut  oil 

Pumpkin-seed  oil 

Maize  oil 

Cod-liver  oil 

Seal  oil 

Merlin  oil  (coal-fish  oil) . . 
Japanese  cod-liver  oil ... . 

Cotton-seed  oil 

Sesam^  oil 

Wild  radish-seed  oil 

Rape-seed  oil 

Apricot  kernel  oil 

Bottlenose  oil 

Almond  oil 

Peanut  oil 

Mustard  oil 

Castor  oil 

Olive  oil 

Olive  kernel  oil 

Ungnadia  oil 

Porpoise  oil 

Neat's  foot  oil 

Bone  oil 

Porpoise  oil,  fluid  portion . 
Bottlenose  oil,  fluid  portion 


Minimum. 

Maximum. 

170 
148 

181 
181 

142 

143 

134 
122 

158 
152 
142 

133 

126 
127 
'23 

153 
128 

137 

102 

III 

103 

112 

99 
99 

105 
102 

96 
87.3 

102 
103 

83 
81 

f5 
84.5  . 

— 

Mean. 


66 
30-9 


70 
49.6 


175 
170 

162 

150 

146 

138 
128 
127 
121 
120 


140 
127 
130 
120 


108 
108 
105 

lOI 

100 

99.5 
98 

96 
96 

81.8 
81.7 
76.8 

70-3 

68 

40.2 

32.8 
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Iodine  Numbers  of  Solid  Fats. 


Names  of  FaU. 


CottOD-seed  stearin 

Goose  grease 

Lard 

Macassar  oil 

Bone  grease,  commercial 

Palm  oil 

Oleomargarine 

Laurel  batter 

Suet  (ox  tallow) 

Tallow  (sheep) 

Wool  fat 

Cacao  butter 

Nutmeg  butter 

Butter  fat 

Palm-kernel  oil 

Ocuba  wax 

Cocoanut  oil 

Japanese  wax 


Iodine  number. 


Minimum. 


56 

46.3 
50-3 


40 
32.7 

34 

10.3 
94 


Maximum. 


63 

55-5 
53-9 


44 
46.2 

37.7 

38.0 
17.5 


Mean. 


89.6 

71.5 
59 
53 
52 
51 
50 
49 
42 
42 
36 
36 
3* 
30 
14 
9.5 

9 
4.2 


Bromine  process.  Reference  to  this  process  has  been  made 
on  p.  202,  and  although,  as  stated  there,  the  use  of  iodine  has 
been  found  preferable  in  practice,  for  the  sake  of  completeness, 
a  few  methods  of  making  the  test  will  here  be  given. 

Mills  dissolves  o.i  gramme  of  the  dry  fat  in  50  cubic  centi- 
meters of  carbon  tetrachloride,  and  adds  titrated  solution  of 
bromine  in  carbon  tetrachloride.  After  15  minutes,  the  ex- 
cess of  bromine  is  back-titrated  with  a  solution  of  ;3-naphthol  in 
carbon  tetrachloride,  whereby  monobromnaphthol  is  formed. 

Halphen  back-titrates  the  excess  of  bromine  with  soda  solu- 
tion prepared  by  diluting  20  cubic  centimeters  of  soda  lye  to 
I  liter  and  adding  2  grammes  eosin.  The  solution  is  standard- 
ized by  bringing  into  a  flask  of  125  cubic  centimeters  capacity 
20  cubic  centimeters  of  carbon  disulphide  and  10  cubic  centi- 
meters of  bromine  solution  of  a  known  standard,  and  gradually 
adding  soda  lye,  shaking  after  each  addition.  The  fluid  is  at 
first  brownish,  then  almost  colorless,  and  Anally  salmon  color. 
The  value  of  the  soda  lye  is  calculated  to  bromine.     The  bro- 
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mine  solution  has  to  be  standardized  anew  before  each  experi- 
ment. 

For  the  determination  of  the  bromine  absorbing  capacity, 
dissolve  in  a  flask  of  250  cubic  centimeters  capacity  i  gramme 
of  the  fatty  acids  in  20  cubic  centimeters  of  carbon  disulphide, 
and  enough  bromine  solution  that  there  is  an  excess  of  at  least 
0.5  gramme.  Shake  repeatedly,  then  allow  to  stand  15  hours, 
and  titrate  with  soda  lye. 

Schlagdenhaufen  and  Brown  dissolve  about  2.5  grammes  of 
oil  in  50  cubic  centimeters  of  chloroform,  take  10  cubic  centi- 
meters of  the  solution  and  mix  them,  in  portions,  with  a  solu- 
tion of  about  I  gramme  of  bromine  in  100  cubic  centimeters  of 
chloroform  until  the  excess  of  bromine  does  no  longer  dis- 
appear on  shaking,  and  the  fluid  shows  a  yellow  color.  It  is 
then  mixed  with  10  cubic  centimeters  of  dilute  potassium 
iodide  solution  and  with  starch  paste,  and  titrated  with  hypo- 
sulphite. 

5.  Determination  of  the  Oxy -fatty  Acids — Acetyl  number. 

The  acetyl  number  allows  of  the  quantitative  determination 
of  the  hydroxyl  content  of  a  substance,  and  therefore  furnishes 
a  measure  for  the  content  of  oxy-fatty  acids  or  fatty  alcohols  in 
a  fat,  mixture  of  fats,  or  constituent  of  a  fat. 

According  to  Benedikt  and  Ulzer,*  the  determination  of  the 
acetyl  number  of  fatty  acids  is  carried  out  as  follows :  The  oils, 
etc.,  to  be  examined  are  saponified  in  the  previously  described 
manner,  and  the  resulting  soap  decomposed  with  a  mineral  acid 
to  separate  the  fatty  acids.  Of  the  insoluble  fatty  acids  of  the 
oil  to  be  examined  20  to  50  grammes  are  brought  into  a  small 
flask  with  inverted  condenser  attached,  and  are  boiled  for  two 
hours  with  an  equal  volume  of  acetic  anhydride.  The  mixture 
is  then  emptied  into  a  tall  beaker  of  i  liter  capacity,  and  after 
adding  500  to  600  cubic  centimeters  of  water,  boiled  at  least  for 
^  hour.     To  avoid  bumping,  a  slow  current  of  carbonic  acid  is 

*  Monatsbefte  fUr  Chemie.,  viiL  4a 
VOL.  1 — 14 
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introduced  through  a  capillary  tube  entering  near  the  bottom 
of  the  beaker.  The  water  is  then  siphoned  off,  and  the  boil- 
ing repeated  in  the  same  manner  until  litmus  paper  is  no  longer 
reddened  by  the  water.  The  water  is  then  entirely  siphoned 
off,  the  acetylated  acids  filtered  in  an  air-bath  through  a  dry 
filter,  and  the  acetyl-acid  number  and  acetyl  number  of  the  fatty 
acids  are  then  determined.  This  is  effected  in  the  same  man- 
ner as  the  determination  of  the  acid  and  ester  numbers  of  a  fat ; 
aqueous  instead  of  alcoholic  potash  solution  may,  however,  be 
used.  Dissolve  3  to  5  grammes  of  the  acetylated  fatty  acid  in 
spirits  of  wine  free  from  acid  and  fusel  oil,  add  phenolphthalein, 
and  titrate  with  semi-normal  potash  solution  until  a  red  color- 
ation appears.  Then  add  an  excess  of  the  same  semi*normal 
potash  solution,  heat  on  a  water-bath  to  gentle  boiling,  and 
back-titrate  with  hydrochloric  acid. 

The  sum  total  of  the  acetyl-acid  number  and  of  the  acetyl 
number  is  called  ^^ acetyl  saponification  number'*  Hence  for 
the  determination  of  the  acetyl  number,  the  saponification  num- 
ber and  acid  number  of  the  acetylated  fats  may  be  determined 
and  the  acetyl  number  found  from  the  difference.  The  acetyl 
number  is  =  o,  if  the  sample  contains  no  oxy-fatty  acids. 

Example:  3.379  acetylated  fatty  acids  from  castor  oil  re- 
quired for  saturation  17.2  cubic  centimeters  decinormal  potash 
solution  or  17.2  X  0.02805  grammes  0.4825  gramme  of  potas- 
sium hydrate,  from  which  results  the  acetyl-acid  number  482.5  : 
3.379-  142.5. 

To  the  neutralized  sample  were  added  32.8  cubic  centimeters 
more  of  potash  solution,  or  a  total  of  50  cubic  centimeters. 
After  boiUng,  the  fluid  was  back-titrated  with  14.3  cubic  centi- 
meters of  semi-normal  hydrochloric  acid.  Consequently  there 
remain  for  the  saturation  of  the  acetic  acid  split  off  32.8  — 
14.3  =  18.5  cubic  centimeters  of  semi-normal  potash  solution 
or  18.5  X  0.02805  =  0.5189  potassium  hydrate,  from  which  re- 
sults the  acetyl  number  518.9:  3.379  =  153.5. 

The  acetyl  number  allows  especially  the  recognition  of  castor 
oil    and    *' oxidized    oils"    in   mixtures   of  oil.     Benedikt  and 
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Ulzer*  have  tested  the  following  oils  as  to  their  acetyl  num- 
ber: 

Acetyl  Numbers  of  Some  Oils. 


Fatty  Acids  from 


Almond  oil 

Castor  oil 

Cotton -seed  oil 

Croton  oil 

Hemp-seed  oil 

Linseed  oil 

Nut  oil 

Olive  oil 

Peach-kernel  oil- . « . 

Peanut  oil 

Poppy  oil 

Rape-seed  oil 

Sesam^  oil.  • 

« Soluble  castor  oil" 


Not 
acetylated. 


Acid 
number. 


20I.6 

1774 
199.8 

201.0 

199.4 
201.3 
204.8 
X97.X 
202.5 
198.8 
200.6 
182.5 
200.4 


Acetyl 

acid 

number. 


196.5 
142.8 

'95-7 

'95-7 
196.8 

196.6 

198.0 

197-3 
196.0 

JI93-3 
194.1 

178.5 

192.0 

184.5 


Acetylated. 


Acetyl  sa- 
ponification 
number. 


202.3 
296.2 

213-3 
204.2 

204.3 

205.1 

205.6 

202.0 

202.4 

196.7 

207.2 

184.8 

203.5 
246.7 


Acetyl 
number. 


5.8 

153-4 
16.6 

8.5 

n 

7.6 

4.7 
6.4 

34 

I3-I 
6.3 

62.2 


6.   Tests  for  Impurities  and  Adulterations. 
A.   General  Methods, 

The  general  methods  embrace  the  determination  of  the  con- 
tent of  water ^  of  additions  (^particles  of  dirt)^  of  mucus ^  of  the 
content  of  fatty  and  mineral  acids ^  of  mineral  and  rosin  oils  in 
fat  oilSi  of  fat  oils  in  mineral  oils  and  soaps  in  oils;  further, 
the  determination  of  the  drying  and  non-drying  portions  of  an  oil, 

I.  Determination  of  the  Content  of  Water  and  Additions — 
Particles  of  Dirt,  etc. 

In  speaking  of  the  solubility  of  vegetable  oils,  it  has  been 
mentioned  that,  even  when  perfectly  clear,  they  may  contain 
about  0.5  per  cent,  water.  Mineral  oils  contain  up  to  i  per 
cent.  In  oils  which  are  to  serve  as  lubricants  for  fine  machines, 
clocks,  watches,  etc.,  even  such  content  is  injurious.     By  simply 


**  Zeitschrift  far  Chemie,  1887,  8,  41. 
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heating  a  weighed  quantity  of  oil  in  an  open  beaker,  traces  of 
water  remain  behind,  and  the  determination  has  therefore  to  be 
made  in  a  calcium  chloride  tube,    Fig.   36. 
Fiu.  36,  Weigh  10  grammes  of  oil  in  the  tube  and 

note   the   total  weight  of  both.     Then  sus- 
pend the  tube  in  a  steam  or  air  bath,  heat 
to    122°    or    140°    F.,   and    slowly  conduct 
through  it  for  J^  hour  perfectly  dry  carbonic 
acid  gas.     After  cooling,  the  tube  is  again 
weighed ;  the  difference  in  weight  gives  the 
content  of  water. 
Considerable  quantities  of  water  may  be,  and  are  frequently, 
added  to  fats  without  changing  their  appearance.     For  the  de- 
termination of  water  in  such  a  case,  heat  50  grammes  of  the  fat 
in  a  graduated  cylinder  in  an  air  bath  a  few  degrees  above  the 
fusing  point.     Leave  the  fat  in  this  state  for  about  4  to  6  hours, 
during  which  time  the  water  separates  together  with  any  salts, 
such  as  borax,  potash,  which  may  have  been  added  to  augment 
the  content  of  water.     The  cubic  centimeters  of  water  are  then 
simply  read  olT.     When  the  fat  contains  but  a  small  quantity  of 
water  it   is  tested  in  the  calcium  chloride  tube  previously  de- 
scribed. An  addition  oipotash  is  recognized  by  the  alkaline  reac- 
tion with  litmus  paper,  after  shaking  the  fat  with  water.    For  the 
determination  of  borax  the  water  poured  off  from  the  fat  is  evap- 
orated to  dryness,  the  residue  mixed  with  a  few  drops  of  sul- 
phuric acid,  later  on  with  spirits  of  wine  and,  after  the  latter  has 
acted  for  some  time,  ignited.      In  the  presence  of  borax  the 
flame  burns  with  a  green  edge,     Aium  is  also  added  for  the 
purpose  of  augmenting  the  quantity  of  water;   it  shows  an  acid 
reaction  with  litmus.     For  its  detection  the  fat  is  shaken  with 
water  containing  hydrochloric  acid;  the  extract  gives  with  am- 
monia a  jelly-like  precipitate. 

By  the  above  mentioned  method  of  determining  the  water  by 
fusing,  particles  of  dirt  or  intentional  adulterations  of  the  fats 
are  also  separated,  the  latter  consisting  chiefly  of  amylaceous 
substances,  chalk,  etc.     The  fat  having  been  poured  off  from 
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the  adulterations,  the  latter  are  washed  with  petroleum-ether, 
benzine,  etc.,  or  when  water  is  also  present,  with  water,  and 
examined  \vith  the  microscope  or  tested  with  iodine  solution 
which  colors  starch  blue.  Effervescence  when  pouring  dilute 
hydrochloric  acid  over  another  portion  of  the  adulterations  in- 
dicates the  presence  of  chalk.  For  quantitative  determination 
the  portion  insoluble  in  petroleum-ether  or  water  is  collected 
upon  a  weighed  filter,  dried  at  212^  F.,  and  again  weighed. 

Particles  of  dirt — sand  and  dust — are  readily  recognized  in 
the  residue. 

Pouring  off  of  the  water,  etc.,  is  facilitated  by  reheating  the 
graduated  tube  containing  the  fat,  then  closing  the  tube  with  a 
cork  and  inverting  it. 

If  a  quantity  of  fat  in  a  beaker  is  at  first  dried  at  230^  F., 
and  stirred  at  intervals,  then  without  stirring  at  248^  F.  for  two 
hours,  and  an  aliquot  part  filtered  through  a  weighed  filter, 
glycerin  remains  behind  in  the  fibres  of  the  filter.  The  filter  is 
washed  with  hot  benzol,  then  dried  at  about  194°  F.,  and  later 
on  weighed.  If  the  filter  remains  moist,  it  is  freed  from  glycerin 
by  washing  with  alcohol,  again  dried  and  weighed.  The  dif- 
ference gives  nearly  the  true  content  of  glycerin. 

2.  Detection  of  Mucus, 

Mucus  is  detected  by  frequent  vigorous  shaking  of  equal 
volumes  of  oil  and  water.  With  oil  free  from  mucus  the  water 
settles  clear,  while  in  the  presence  of  particles  of  mucus  it 
shows  a  whitish  turbidity  which  cannot  be  removed  even  by 
frequent  filtering.  After  long  standing  a  white  flaky  layer  is 
formed  between  the  oil  and  water.  Frequently  the  particles  of 
mucus  also  deposit  on  the  bottom. 

3.  Determination  of  ihe  Content  of  Acid — Acid  Degrees, 

The  content  of  acid  in  an  oil,  etc.,  may  be  due,  i,  to  the  free 
fatty  acids  peculiar  to  the  fat  or  oil ;  2,  to  unripe  seeds  used  in 
expressing  the  oil,  the  content  of  acid  in  the  seed  being  like  the 
content  of  fat  dependent  on  climatic  conditions,  etc.;  3,  to 
rancidity ;  4,  to  careless  washing  after  refining  the  oil  with  sul- 
phuric acid,  etc. 
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According  to  an  old  method,  free  fatfy  acids  color  oils  green 
when  left  in  content  with  copper  scales^  a  green  zone  being 
formed  above  the  copper.  In  the  presence  of  fatty  acids,  oils 
are  colored  red  by  rosaniline.  The  latter  is  best  dissolved  in 
alcohol,  a  few  drops  of  the  solution  added  to  the  oil,  and  the 
latter  somewhat  heated. 

Oils  free  from  acid  when  shaken  with  solution  of  soda  free 
from  caustic  soda,  or  solution  of  borax,  separate  on  standing 
into  two  clear  layers.  In  the  presence  of  more  or  less  acid  an 
emulsion  is  accordingly  formed  and  the  layers  remain  turbid. 

For  the  quantitative  determination  of  free  fatty  acids,  lO 
grammes  of  oil  are  treated  according  to  Kottstorfer's  saponifi- 
cation method,  p.  185,  and  titrated  with  semi-normal  potash. 
The  fatty  acids  are  calculated  to  oleic  acid. 

The  following  table  gives  the  content  of  free  fatty  acids  in 
various  fats  and  oils. 


Content  of  Free  Fatty  Acids  in  Some  Fats  and  Oils, 


Names  of  Fats  and  Oils. 


Almond  oil 

Becuiba  tallow 

Candle  nut  oil,  3  years  old 

Castor  oil 

Charlock  seed  oil 

Cocoanut  oil 

Cod-liver  oil 

Cottonseed  oil 

Hempseed  oil 

Illip6  butter,  3  years  old . . 

Japanese  wax 

Linseed  oil 

Mustard  seed  oil 

Niam  fat 

Olive  oil 

Palm  oil 

Palm  kernel  oil 

Peanut  oil 

Poppy  oil 

Rape-seed  oil 

Sesami  oil 

Train  oils 


Table  oils. 
Fatty  acid 
per  cent. 


0.25-0.40 
0.62- 1 8.6 1 


0.24-1.00 
0.15-0.25 


0.40-1. 10 
0.68-1.02 

1.66 


0.85-3.90 

0.7-2.86 

0.53-1.82 

0.47-5.75 


Technical 

oils. 
Fatty  acid 
per  cent. 


18-55 
5645 

2.85 
3.03- 14.35 

042-0.50 
0.64-4.82 

28.54 

9.25 
041-4.19 


3.87-27.16 

50.82 

3.30-17.65 

3.58-10.61 

12.87-17.73 

0.52-6.26 

7- 1 7-33- 1 3 
3.00-22.50 


Extracted 

oils. 
Fatty  acid 
per  cent. 


1.18-5.62 


1440-34.72 


4.17-11.42 
0-95-8-85 

2.15-^-43 
0.77-1.10 

2.62-9.71 
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If  besides  free  fatty  acid  an  oil  contains  sulphuric  acid,  the 
latter  has  first  to  be  withdrawn  from  the  sample  to  be  examined 
before  weighing  oflf  the  above-mentioned  quantity  for  the  test. 

Burstyris  method.  The  managers  of  some  railroads  still  pre- 
scribe the  use  of  Burstyn's  acid-meter  for  the  determination  of 
acid  in  oils.  This  instrument  indicates  the  content  of  free  fatty 
acid  in  an  alcoholic  solution  of  fat. 

Although  absolutely  accurate  results  cannot  be  obtained  with 
Burstyn's  acid-meter,  since,  on  the  one  hand,  all  the  oleic  acid 
is  not  extracted  by  the  alcohol,,  a  portion  of  it  being  retained 
by  the  oil,  and  on  the  other,  a  portion  of  the  oil  and  Fremy's 
acids — see  below — pass  into  solution,  it  may  nevertheless  be 
utilized  in  practice  on  account  of  its  simplicity. 

To  obtain  the  fatty  acid  solution,  place  100  cubic  centimeters 
of  the  oil  to  be  tested  in  a  stoppered  glass  cylinder  capable  of 
holding  200  cubic  centimeters.  Fill  up  the  cylinder  to  the 
mark  with  alcohol  of  88  to  90  per  cent.,  shake  well,  and  allow 
to  stand  two  or  three  hours,  the  alcohol  will  have  dissolved 
out  the  oleic  acid  as  well  as  the  other  fatty  acids.  The 
increase  in  the  specific  gravity  is  then  determined  by  testing 
the  upper  layer — containing  the  alcohol  and  fatty  acids — ^with 
the  acid-meter,  a  delicate  aerometer  graduated  into  50  degrees, 
a  similar  cylinder  filled  with  the  original  alcohol  used  being 
simultaneously  examined  side  by  side.  From  the  difference  in 
the  specific  gravities  the  content  of  acid=tf«^/  degree  is  then 
calculated  by  the  aid  of  a  table. 

One  Burstyn  degree=one  cubic  centimeter  normal  hydro- 
chloric or  normal  oxalic  acid,  and,  therefore,  corresponds  to  i 
cubic  centimeter  of  a  normal  potash  solution,  and  the  latter 
again  to  0.28  per  cent,  oleic  acid. 

Mineral  acids.  The  presence  of  sulphuric  acid  in  oils  is 
established  by  shaking  the  oil  with  water,  allowing  to  settle,  and 
testing  the  aqueous  fluid  with  the  blue  litmus  tincture  or  barium 
chloride  solution,  the  former  being  reddened  in  the  presence  of 
sulphuric  acid,  while  the  latter  produces  a  white  precipitate  of 
barium  sulphate. 
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If  the  sulphuric  acid  is  present  in  combination  with  oleic, 
palmitic  and  stearic  acids,  as  so-called  Fremy's  acids,  it  cannot 
be  extracted  by  simple  shaking.  In  this  case  the  oil,  together 
with  the  water,  must  for  some  time  be  heated,  best  with  the 
addition  of  a  small  quantity  of  hydrochloric  acid,  and  then 
tested  with  barium  chloride. 

For  the  quantitative  determination  of  sulphuric  acid^  lOO 
grammes  of  the  oil  are  for  some  time  boiled  with  water,  stirring 
constantly,  and  in  the  clear  aqueous  fluid  freed  from  oil,  the 
sulphuric  acid  is  titrated  with  decinormal  or  seminormal  pot- 
ash solution,  using  litmus  or  methyl  orange  as  indicator. 

The  presence  of  hydrochloric  acid  is  established  by  shaking 
the  oil  with  very  dilute  nitric  acid  ( i  acid  to  30  water)  and 
adding  nitrate  of  silver  to  the  aqueous  fluid.  In  the  presence 
of  hydrochloric  acid  a  white  precipitate  of  chloride  of  silver  is 
formed. 

4.  Mineral  oils.  Paraffin^    Ceresin  and  Rosin  oils  in  fat  Oils 

and  Fats. 

Adulterations,  with  larger  quantities  of  mineral  or  rosin  oils, 
can  frequently  be  recognized  by  the  fluorescence,  though  var- 
ious means  are  now  used  for  the  removal  of  the  fluorescence 
and  odor  characteristic  to  mineral  oils,  when  the  latter  are  to 
be  used  as  an  addition  to  vegetable  or  animal  oils.  In  many 
cases  the  mineral  oil  is  rendered  lustreless  by  treatment  with 
small  quantities  of  nitric  acid,  whereby  it  acquires  a  brown 
color,  almost  loses  its  fluorescence,  and  in  this  form  is  espec- 
ially suitable  for  the  production  of  artificial  fish  oil.  Recently 
light-colored  mineral  oils  have  been  almost  deprived  of  their 
fluorescence,  by  a  slight  addition  of  nitro-bodies,  the  nitro- 
naphthalenes  being  especially  suitable  for  the  purpose;  the 
quantity  used  varies  between  ^  and  i  %  per  cent,  of  the  oil. 
An  aniline  color,  ''jaune  anglais,'  very  probably  a  chinoline 
coloring  matter,  has  also  recently  been  used  with  success.  To 
remove  the  odor,  the  mineral  oils  are  chiefly  perfumed  by  the 
addition  of  oil   of  turpentine,  nitro-benzole  and   volatile  oils. 
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Rosemary  oil  is  used  especially  for  oil  which  is  to  serve  as  an 
addition  to  degenerated  olive  oil. 

Mineral  oils,  paraffin  and  ceresin,  are  not  saponifiable,  but 
rosin  oils  partially  so,  so  that  quantitative  determinations  of  the 
latter  are  only  approximate. 

The  quickest  way  of  detecting  adulterations  is  by  the  sapon- 
ification method,  p.  185,  and  subsequent  determination  of  the 
saponification  number.  The  diflference  between  the  saponifica- 
tion number — K — belonging  to  the  oil  or  fat — O — and  the  sa- 
ponification number — G — found,  gives  the  intentional  addition, 
and  is  calculated  by  simple  proportion 

looG 
0=  100 — j^^ 

For  gravimetric  analysis,  5  to  10  grammes  of  the  oil  to  be 
tested,  together  with  2  or  3,  or  4  or  6  grammes  of  sodium 
hydrate  and  30  to  40  or  60  to  80  cubic  centimeters  of  water, 
are  heated  on  a  water  bath,  and  to  accelerate  saponification, 
15  to  20  cubic  centimeters  of  alcohol  added.  Rosin  and  min- 
eral oils,  if  present  in  larger  quantities,  float  upon  the  resulting 
soap  paste  while,  if  present  in  smaller  quantities,  they  remain 
suspended  in  it.  To  convert  the  excess  of  sodium  hydrate  into 
simple  sodium  carbonate,  add  about  I  gramme  sodium  bicar- 
bonate, evaporate  the  whole  to  dryness,  first  adding  a  small 
quantity  of  coarse  gravelly  sand,  and  extract  the  residue  with 
ether  or  petroleum-ether.  The  extracts  are  collected  in  a 
tared  flask,  the  ether  is  distilled  off  and  the  residue  weighed ; 
the  latter  contains  the  non-saponifiable  rosin  or  mineral  oil, 
paraffin,  etc. 

It  is  of  advantage  to  evaporate  to  dryness,  because  by  shak- 
ing the  soap  paste  with  petroleum-ether  the  mass  swells  up  to 
5  or  6  volumes,  and  the  petroleum-ether  separates  very  slowly, 
though  somewhat  more  rapidly  after  adding  an  equal  volume 
of  alcohol,  a  small  quantity  of  coarse  sand  and  of  common  salt. 
If  the  mass  has  not  been  evaporated  to  dryness,  and  is  to  be 
extracted  with  ether,  the  alcohol  has  to  be  entirely  driven  off. 
For  clarifying  the  layers  glycerin  is  added,  as  well  as  a  small 
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quantity  of  sand,  the  latter  contributing  materially  to  the  sepa- 
ration of  the  soap. 

To  determine  whether  the  residual  oil  is  rosin  or  mineral  oily 
a  sample  in  a  test-tube  is  heated  to  boiling  with  an  equal 
volume  of  nitric  acid  of  1. 185  to  1.20  specific  gravity.  Rosin 
oil  is  strongly  attacked,  and  shows  a  characteristic  rosin-odor  in 
connection  with  nitrous  acid  vapors,  while  mineral  oil  is  not 
attacked.  Towards  anhydrous  chloride  and  bromide  of  tin, 
rosin  oil  exhibits  a  peculiar  behavior.  If  10  drops  of  the  oil  in 
question  are  stirred  together  with  one  drop  of  the  tin  combina- 
tions, a  purple  coloration  appears. 

5.  Mineral  oil  in  rosin  oil. 

For  the  detection  of  mineral  oil  in  rosin  oil,  Finkener  makes 
use  of  the  difference  in  solubility  of  the  two  oils  in  a  mixture  of 
10  volumes  of  alcohol  of  specific  gravity  0.812  at  60^  F.,  and  i 
volume  of  chloroform. 

Rosin  oils,  on  shaking  with  10  times  the  volume  of  this  mix- 
ture, dissolve  at  73.4^  F.,  while  mineral  oils  with  a  high  boil- 
ing point  do  not  dissolve  at  this  temperature  with  100  times 
the  volume  of  the  same  mixture.  Hence,  from  the  undissolved 
portion  which  remains  behind  in  mixing  one  volume  of  the  oil 
in  question  and  10  volumes  of  the  chloroform  and  alcohol  mix- 
ture, the  mineral  oil  is  recognized  and  may  also  be  quantita- 
tively determined  in  a  graduated  cylinder. 

To  distinguish  mineral  oils  and  rosin  oils^  Valenta  makes  use 
of  glacial  acetic  acid;  rosin  oils  dissolve  in  it  with  ease  at 
122°  F.,  but  mineral  oils  very  sparingly.  Ten  cubic  centime- 
ters of  glacial  acetic  acid  dissolve  0.2823  to  0.6849  gramme  of 
mineral  oil  and  1.7  to  2  grammes  of  rosin  oil;  in  mixtures  the 
solubility,  however,  does  not  increase  proportionately  to  the 
content  of  the  rosin  oil. 

Volumetrically,  mineral  oil  and  rosin  oil  in  fat  oils  may  be 
determined  by  bringing  20  cubic  centimeters  of  oil  or  care- 
fully melted  fat  into  a  flask  of  200  cubic  centimeters  capacity, 
graduated  into  10  parts,  and  having  a  graduated  neck  holding 
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20  cubic  centimeters  divided  into  ^\,  and  saponifying  with  5 
grammes  sodium  hydrate  and  20  cubic  centimeters  alcohol. 
When  saponification  is  complete  sodium  bicarbonate  is  added 
to  convert  the  caustic  soda  into  sodium  carbonate,  the  flask 
filled  nearly  up  to  the  neck  with  hot  water  and  allowed  to  stand 
in  a  water-bath  at  140^  to  158^  F.,  for  several  hours  for  the 
separation  of  the  oil.  The  latter  is  then  forced  by  hot  water 
into  the  neck  of  the  flask,  and  when  perfectly  cold  the  non- 
saponified  oil  is  measured.  If  rosin  oils  are  present  the  alcohol 
has  to  be  completely  expelled. 

Rosin  oils  may  also  be  separated  from  fat  oils  and  mineral 
oils  by  their  solubility  in  alcohol,  the  former  being  but  slightly 
soluble,  and  the  latter  entirely  insoluble  in  alcohol.  For  an 
approximate  quantitative  analysis  20  cubic  centimeters  of  the 
oil  to  be  examined  are  brought  into  a  cylinder  holding  200 
cubic  centimeters,  and  graduated  into  ^.  The  cylinder  is  then 
filled  up  to  the  mark  with  90  per  cent,  alcohol  =  0.830  specific 
gravity,  vigorously  shaken  at  intervals,  and  finally  left  standing 
for  the  contents  to  clarify.  In  the  presence  of  rosin  oil  the 
volume  decreases;  the  decrease  in  volume  multiplied  by  5 
gives  the  percentage  of  rosin  oil.  The  small  quantity  of  oil 
dissolved  by  the  alcohol  need  not  be  taken  into  account,  since 
a  corresponding  quantity  of  alcohol  is  absorbed  by  the  oil. 

6.  Fat  Oils  in  Mineral  Oils, 

Fr.  Lux  has  drawn  attention  to  the  fact  that  after  treating 
mineral  oils  with  soda  or  caustic  soda,  the  presence  in  them  of 
even  2  per  cent,  fat  oils  suffices  to  eflfect  solidification  of  the 

» 

fluid  on  cooling  by  the  soap  formed. 

The  saponification  of  admixed  fat  oils  takes  place  slowly  be- 
low 392°  F.  and  best  at  about  392°  F. ;  at  a  temperature  much 
above  this  the  soap  formed  is  again  decomposed.  Heating  for 
15  minutes  is  sufficient,  and  2  to  5  minutes  in  the  presence  of 
more  than  10  per  cent,  of  fat  oils. 

A.  Preliminary  test  for  the  detection  of  larger  quantities  of 
fat  oils, — ^To  about  5  cubic  centimeters  of  the  oil  in  a  test-tube 
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add  a  small  piece  of  sodium  hydroxide ;  heat  the  liquid  di- 
rectly over  the  flame  to  boiling,  and  keep  it  boiling  for  about  I 
to  2  minutes.  The  presence  of  larger  quantities  of  fat  oil  is  de- 
tected by  the  peculiar  empyreumatic  smell  given  off,  and  by  the 
solidification  of  the  liquid  on  slightly  cooling. 

There  being  seldom  less  than  lO  per  cent,  of  fat  oil  present^ 
this,  in  most  cases,  ends  the  test.  If  a  negative  result  is,  how- 
ever, obtained,  proceed  as  follows : 

B.  Detection  of  smaller  quantities  of  fat  oils  (to  2  per  cent,) 
— Take  two  medium-sized  beakers,  of  which  the  one  can  ht 
pushed  into  the  other  so  as  to  leave  a  space  of  about  i  to  2 
centimetres  between  the  two.  Into  the  larger  beaker  place 
enough  melted  paraflin  to  bring  its  surface,  when  the  narrower 
beaker  is  pushed  into  the  larger,  half-way  up  between  the  sides 
of  the  two  beakers.  Then  fill  the  inside  beaker  with  paraffin 
to  the  same  height.  Fluids  in  test-tubes  placed  in  a  paraffin- 
bath  thus  constructed  cannot  be  overheated.  A  thermometer 
hung  in  the  inner  beaker  indicates  the  temperature,  which  is  to 
be  maintained  at  from  392°  to  410°  F. 

Now  supply  two  test-tubes  with  a  few  cubic  centimeters  of 
oil ;  add  to  the  one  some  shavings  of  sodium,  and  to  the  other 
a  small  stick  of  sodium  hydroxide,  so  that  the  latter  is  covered 
by  about  i  centimeter  of  oil. 

Place  the  two  test-tubes  in  the  paraffin-bath  and,  note  the 
time ;  allow  them  to  remain  quietly  for  1 5  minutes,  then  take 
them  out,  and,  after  freeing  them  from  paraffin,  let  them  cool. 

In  the  presence  of  as  much  as  2  per  cent,  of  fat  oil,  the 
sample  in  one  of  the  two  test-tubes,  or  generally  in  both,  con- 
geals to  a  tough  jelly,  which  does  not  run  out  by  turning  the 
tubes  upside  down,  and  can  only  be  detached  from  them  by  a 
smart  tap.  For  the  quantitative  determination  of  fat*  oils  in 
mineral  oils  the  saponification  method,  p.  185,  is  used. 

7.  Soaps  in  Oils  and  Fats, 

To  increase  their  viscosity,  vegetable  as  well  as  mineral  oils 
are  mixed  with  alkaline  or  earthy  soaps — alumina,  lime,  mag- 
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nesia  soaps.  For  the  detection  of  such  adulterations  treat  lo 
to  20  grammes  of  the  oil  or  fat  to  be  examined  with  ether  free 
from  alcohol.  The  soap  remaining  undissolved  is  collected 
upon  a  weighed  filter  and  washed  with  ether.  The  filter  is 
then  slowly  dried  at  122°  to  140°  F.,  and  weighed  together 
with  the  residue,  which  indicates  the  quantity  of  soap.  The 
ethereal  solution  is  brought  into  a  tared  Erlenmeyer  flask,  the 
ether  distilled  ofT,  and  the  residue  weighed ;  it  is  later  on  tested 
as  to  its  properties  in  the  manner  given  on  p.  218,  in  order  to 
determine  whether  it  is  a  fat  oil  or  mineral  oil,  or  a  mixture  of 
both.  The  residue  upon  the  filter  is  treated  with  dilute  nitric 
acid,  the  fatty  acids  are  filtered  off  and  the  solution  treated  with 
ammonia.  If  a  white  gelatinous  precipitate  is  formed,  it  is  due 
to  alumina,  which  is  filtered  ofT.  To  one-third  of  the  filtrate 
sodium  phosphate  is  added,  and  to  another  third,  ammonium 
oxalate ;  a  white  precipitate  indicating  in  the  first  case  mag- 
nesia and  in  the  second  lime;  should  both  be  present,  the  lime 
in  the  third  portion  is  precipitated  with  ammonium  carbonate 
and  the  filtrate  tested  as  above  for  magnesia.  If  no  precipitate 
is  formed,  the  soap  in  question  is  an  alkaline  soap. 

For  the  determination  of  earthy  soaps  the  respective  oil  may 
also  be  directly  shaken  with  dilute  nitric  acid  and  tested  in  the 
manner  given  above. 

In  very  rare  cases  a  lead  soap — lead  plaster — is  used  for  the 
purpose  of  adulteration.  Its  presence  is  readily  detected  by  a 
black  color  formed  on  adding  a  few  drops  of  ammonium  sul- 
phide to  the  oil.  * 

Alkaline,  as  well  as  earthy  alkaline  rosin  soaps^  being  soluble 
in  ether  and  alcohol,  the  method  of  separation  given  above  is 
not  available,  and  the  oil,  etc.,  has  to  be  extracted  with  90  per 
cent,  alcohol  and  the  residue  of  the  alcoholic  solution  weighed. 

Even  resins  are  used  for  thickening,  which  may,  however,  be 
detected  by  the  organoleptic  method,  or  by  extracting  the  oil 
with  alcohol  and  mixing  the  solution  with  alcoholic  lead  acetate 
solution,  the  latter  in  the  presence  of  resins  causing  a  clotted 
precipitate,  but  only  turbidity  in  the  presence  of  rosin  oils. 
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8.  Determination  of  the  Drying  and  Non-Drying  Portions  of  an 

Oil. 

By  15  to  20  per  cent,  disulphide  of  chlorine  drying  oils  are 
converted  into  a  caoutchouc-like  mass  unalterable  in  acids,  di- 
lute lyes  and  carbon  disulphide,  a  similar  reaction  not  taking 
place  with  non-drying  oils.  Upon  this  behavior,  previously 
observed  by  Rochleder,  P.  Bruce  Warren  has  based  a  process 
for  separating  the  drying  or  non -drying  portions  of  an  oil. 

Weigh  ofT*  5  to  10  grammes  of  oil  in  a  porcelain  dish,  add 
two  cubic  centimeters  of  carbon  disulphide  free  from  sulphur 
and  the  same  quantity  of  a  mixture  of  disulphide  of  chlorine 
and  carbon  disulphide,  and  heat  the  whole  on  a  water-bath 
until  a  portion  or  the  entire  mass  has  become  solid.  The  sol- 
vent is  then  removed  and  the  caoutchouc-like  mass  washed 
with  carbon  disulphide.  The  remainder  of  carbon  disulphide 
is  then  driven  off,  and  the  caoutchouc-like  residue  weighed. 
The  difference  between  the  oil  used  and  the  residue  gives  the 
drying  and  non-drying  portions. 

B.  Special  Methods, 

The  methods  of  examining  oils,  fats,  etc.,  as  to  their  special 
properties,  the  various  commercial  varieties  and  principal  adul- 
terations, could  not  be  well  given  in  this  general  chapter,  and 

« 

will  be  mentioned  in  speaking  of  the  separate  oils. 

The  adulterations  are  in  conformity  with  the  prevailing 
prices  of  the  oils,  etc.,  only  a  cheaper  oil  being  of  course  taken 
for  sophisticating  the  principal  oil.  In  some  cases,  however, 
a  more  expensive  oil  is  used  in  order  to  impart  to  the  princi- 
pal oil  special  properties  as  regards  lubricating  power,  for  in- 
stance, mixing  mineral  oil  with  colza  oil ;  but,  on  the  other 
hand,  colza  oil  used  for  illuminating  purposes  is,  as  a  rule, 
adulterated  with  mineral  oil. 

The  price  of  oils  varies  very  much  according  to  the  crops 
and  the  demand,  but  there  is  nevertheless  a  certain  stability, 
and  their  commercial  value  may,  according  to  Allen-Duggan, 
be  arranged  as  follows : 
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1.  Olive  oil. 

2.  Sperm  oil. 

3.  Neat's  foot  oil. 

4.  a.  Herring-dog  oil. 

b.  Lard  oil. 

c.  Castor  oil. 

5.  Cod-liver  oil. 

6.  a.  Peanut  oil. 

b,  Sesam^  oil. 

c.  Poppy  oil. 


7.  Colza  oil. 

8.  Seal  oil. 

9.  Niger  oil. 

10.  Linseed  oil. 

11.  Right  whale  oil. 

12.  Cotton-seed  oil. 

13.  Menhaden  oil. 

14.  Japanese  cod  liver  oil. 

15.  Mineral  oils. 

16.  Rosin  oils. 


For  the  determination  of  the  purity  of  an  oil,  the  physical 
properties,  p.  40  to  p.  99,  are  first  determined ;  next,  the  qual- 
itative methods,  p.  172  to  p.  184,  are  executed;  and  later  on, 
the  quantitative  methods,  p.  185  to  p.  223.  Of  the  quantita- 
tive determinations,  Hubrs  iodine  number  is  the  most  fre- 
quently employed. 


CHAPTER  VIII. 


DIVISION   OF   FATS   AND   OILS. 


The  fats  were  formerly  simply  known  as  animal  and  vegetable 
fats,  and  later  on  they  were  distinguished  according  to  their  con- 
sistency, and  divided  into  fluid  fats  or  fat  oils,  and  expressed  fats 
or  fixed  oils.  The  former  were  again  divided  into  drying  and 
non -drying  fat  oils  and  train  oils,  according  to  whether  they 
dried  on  exposure  in  thin  layers  to  the  air,  or  remained  vis- 
cous, and  the  latter  into  fixed  oils,  or  greases  and  butters,  re- 
maining soft  at  an  ordinary  temperature,  and  solid  fixed  oils, 
or  tallows  and  waxes. 

The  meaning  of  '*  ordinary  temperature,*'  which  ranges  at  an 
average  between  59^  to  72.5^  F.,  is  very  indefinite,  and  there- 
fore not  a  characteristic  term  for  greases  and  butters,  which  are 
soft  at  an  ordinary  temperature.  Of  two  different  varieties  of 
pure  butter  or  pure  lard,  one  may  be  solid  and  the  other  soft  at 
the  same  temperature.  Butter  is  solid  at  59°  F.,  but  becomes 
soft  as  grease  by  the  rise  of  a  few  degrees  in  the  temperature ; 
bay  or  laurel  oil  shows  the  same  behavior.  The  greases  be- 
come fluid  a  few  degrees  above  68°  F.,  tallows  above  86°  F., 
and  waxes  over  140°  F. 

A  division  of  the  fats  according  to  their  physical  properties 
ofTers  no  advantage,  and  a  division  according  to  their  chemical 
composition  presents  also  difficulties,  since  there  is  not  a  single 
fat  which  is  a  simple  organic  compound,  but  each  of  them  is  a 
mixture  of  several  such  compounds  to  which  the  term  glycer- 
ides  is  applied.  In  modern  times  the  fats  are  therefore  divided, 
according  to  the  prevalence  of  one  or  the  other  glyceride, 
into — 
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1 .  Liquid  fats  or  oils 

a.  Glycerides  of  oleic  acid^  etc.  =  non- drying  oils, 

b.  Glycerides  of  linoleic  acidy  etc,  =  drying  oils. 

c.  Glycerides  of  physetoleic  acid,  etc,  =  train  oils. 

2.  Solid  fats. 

a.  Glycerides  of  palmitic  aeid^  etc,  ==  greases  and  tallows. 

b.  Non-glycerides  =  waxes. 

Glycerides  of  oleic  acid. — The  glycerides  of  oleic  acid  and 
allied  acids  represent  the  non-drying  oils.  In  a  purified  state, 
i.  e.y  free  from  mucus,  albumen,  gluten,  etc.,  they  undergo  but 
little  change  by  contact  with  atmospheric  air ;  by  long  exposure 
they  turn  rancid,  acquire  a  disagreeable  odor,  and  become  vis- 
cous. They  do  not  dry,  even  if  spread  in  a  very  thin  layer 
upon  wood  or  other  porous  substance. 

By  treatment  with  nitrous  acid  or  hyponitric  acid  these  oils 
solidify  by  the  molecular  conversion  of  the  olein  to  elaidin. 

Pure  mercurous  nitrate  does  not  change  the  oils. 

Castor  oil,  generally  classed  among  drying  oils,  very  likely 
belongs  to  the  non-drying  oils,  since  the  behavior  of  ricinolein 
and  ricinoleic  acid  (see  pages  137  and  157)  on  treatment  with 
nitrous  acid  corresponds  with  that  of  olein  and  oleic  acid,  i.  e., 
ricinelaidin  and  ricinelaidic  acid  are  formed  with  simultaneous 
solidification.  Even  in  very  thin  layers  castor  oil  only  dries 
incompletely  after  months  of  exposure.  It  forms,  like  the  train 
oils,  a  transition  grade  from  the  non-drying  to  the  drying  oils. 

The  doubtful  oils  are  marked  with  a  star  (*). 
VOL.  I — 15 


226 


ANIMAL   AND   VEGETABLE   FATS   AND   OILS. 


A.   Oils  of  the  Vegetable  Kingdom, 


Name  of  the  Family. 


Caesalpiniacese, 
Amygdalese, 


«i 


M 


« 


Pomaceae, 


t< 


Cassuviese, 

Celastrinese, 

Euphorbiaceae, 


<( 


(« 


<( 


Hypocastanes, 
Malvaceae, 


i( 


Camelliacese, 
Myrtaceee, 
Combretacese, 
Cruciferse, 


« 


« 


(4 


Bignogniacese, 
Oleaceis, 
Cupuli  ferae. 


« 


Graminese, 
Cypcracese, 


Name  of  the  Oil. 


Pea-nut  oil, 
Ben  oil, 
Almond  oil. 
Peach-kernel  oil. 
Plum 'kernel  oil. 
Cherry -kernel  oil, 
Apple -seed  oil, 
Quince  seed  oil. 
Cashew-apple  oil, 
Spindle-tree  oil, 
Croton  oil, 

*  Castor  oil, 

*  Spurge  oil, 

*  Purgir-nut  oil, 
Horse-chestnut  oil, 

*  Cotton-seed  oil, 


« 


Tea-seed  oil, 
Brazil  or  Para* nut  oil. 
Jungle-almond  oil, 
Kape-seed  oil, 
Colza  oil. 
Mustard-seed  oil, 
Radish-seed  oil, 
Sesam^  oil, 
Olive  oil. 
Beech-nut  oil. 
Hazel-nut  oil, 
Maize  oil, 
Cyperus  oil, 


Name  of  Species. 


Arachis  hypogaea. 
Moringa  oleifera,  etc. 
Amygdalus  communis. 

"  persica. 

Prunus  domestica. 

"       cerasus. 
Pyrus  malus. 
Cydonia  vulgaris. 
Anacardium  orientale. 
Evonymus  europseus. 
Croton  tiglium,  etc. 
Ricinus  communis. 
Euphorbia  lathyris. 
Jatropha  curcas. 
yEsculus  hypocastanum. 
Gossypium  species. 
Bombax  species. 
Thea  oleosa,  etc. 
Bertholletia  excelsa. 
Terminalia  catappa. 
Brassica  species. 


<« 


(i 


Sinapis  species. 
Raphanus  sativus. 
Sesamum  species. 
Olea  europsea. 
Fagus  sylvatica. 
Corylus  avellana. 
Zea  mais. 
Cyperus  esculentus. 


B.   Oils  of  the  Animal  Kingdom, 


Name  of  the  Family. 


Solidungula, 
Ruminantia,  Cavicomia, 


C( 


Gallinae, 


Name  of  the  Oil. 


Horse's-foot  oil, 
Neat's-foot  oil, 
Sheep's-trotter  oil. 
Egg  oil, 


Name  of  Species. 


Equus  caballus. 
Bos  taurus. 
Ovis  aries. 
Gallus  domesticus. 


Glycerides  of  Linoleic  acid, — The  glycerides  of  linoleic  acid 
and  allied  acids  are  only  found  in  the  vegetable  kingdom  and 
form  the  group  of  drying  oils. 

They  differ  from  the  glycerides  of  oleic  acid  in  that  they  ab- 
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sorb  a  considerable  quantity  of  oxygen,  but  yield  carbon  and 
hydrogen  in  the  form  of  carbonic  acid  and  water,  while  the 
original  oil  is  converted  into  a  combination  far  richer  in  oxygen. 
The  drying  oils  do  not  become  rancid  in  the  same  sense  as 
non-drying  oils,  though  in  drying  they  also  acquire  a  disagree- 
able odor. 

Cloez  has  found  that  on  exposure  to  the  air  all  fat  oils  absorb 
oxygen.  He  observed  for  18  months  the  absorption  of  oxygen 
— increase  in  weight— of  10  grammes  each  of  drying  as  well  as 
of  non-drying  oils,  and  found  the  increase  as  follows : 


Absorption  of  Oxygen  by  Fat  Oils. 


10  grammes  drying  oil. 


Camelina. .... 
Candlenuts. .. 
Hempseed. . . . 
Horned  poppy 

Linseed 

Madia 

Poppy 

Punipkin  seed 
Sunnower  seed 
Walnut 


Increase 
grammes. 


0.810 
0.742 
0.778 
0.696 
0.703 
0.699 
0.705 
0.740 
0.689 
0.747 


10  grammes  non^drying  oil. 


Almond 

Apricot  kernel 

Castor 

Colza 

Hazelnut 

Mustard  seed . . 

Peanut 

Radish  seed . . . 

Sesam^ 

Spindle  tree. . . 


Increase 
grammes. 


0^59 

0-547 
0.268 

0.566 

0434 
0.527 

0.462 

0-537 
0.483 

0.391 


Light  exerts  a  considerable  influence  upon  the  absorption  of 
oxygen  by  the  drying  oils ;  while  the  process  is  very  slow  in 
the  dark,  it  is  most  quickly  accomplished  in  a  blue  or  colorless 
light,  and  less  quickly  in  a  red,  yellow,  and  green  light. 

Cloez  found  that  the  weight  of  oxygen  in  ten  grammes  of 
poppy-seed  oil  increased — 


In  40  days. 

In  the  dark 0.008  grammes. 

Colorless  glass 0.520        ** 

Red  glass 0.322        '* 

YeUow  glass 0471        ** 

Green  glass 0.307        " 

Blue 0.613        " 


In  150  days. 

0.638 

granunes 

0.498 

<4 

0.726 

M 

0.733 

« 

0.786 

« 

0.618 

(. 
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Drying  oils  are  not  solidified  by  contact  with  nitrous  or  hypo- 
nitric  acid. 

Oils  marked  with  a  star  (*)  are  doubtful. 


Name  of  the  Family. 

Name  of  the  Oil. 

Name  of  Species. 

EuphorbiaceK, 

Candle-nut  oil, 

Aleuntes  moluccana. 

Ampelidese, 

Grape-seed  oil, 

Vitis  vinifera. 

Tiineee, 

Linseed  oil, 

Linum  usitatissimum. 

Cucurbitaceae, 

Pumpkin-seed  oil, 

Cucurbita  species. 

ti 

Ko^me  oil, 

Telfairia  pedata.  Hook. 

CrucifersCf 

Hesperis  oil. 

Hesperis  matronalis. 

«( 

Cress-seed  oil, 

Lepidium  sativumi. 

« 

Camelina  oil. 

Camelina  sativa. 

Papaveraceee, 

Poppy-seed  oil. 

Papaver  somniferum. 

M 

Horned  poppy-seed  oil. 
Weld-seed  oil. 

**       glaucum. 

Resedaceae, 

Reseda  luteola. 

Solaneae, 

♦Tobacco-seed  oil, 

Nicotiana  tabacum. 

« 

♦Belladonna  oil. 

Atropa  belladonna. 

« 

♦Henbane-seed  oil. 

Hyoscyamus  niger. 

Compositae, 

Sunflower-seed  oil, 

Helianthus  annuus. 

« 

Madia  oil. 

Madia  species. 

« 

Thistle-seed  oil, 

Onopordon  acanthium. 

Urticese, 

Hemp-seed  oil. 

Cannabis  sativa. 

Juglandese, 

Nut  oil. 

Juglans  regia. 

« 

« 

Carya  illinoensis. 

Coniferse, 

Red  pine-seed  oil, 

Pinus  abies. 

M 

Scotch  fir-seed  oil, 

"     sylvestris. 

Glycerides  of  physetoleic  acid, — The  glycerides  of  physetoleic 
acid*  and  allied  acids  are  only  found  in  the  animal  kingdom, 
and  form  the  group  of  fish  oils  or  train  oils. 

Train  oils  do  not  dry  in  the  air,  but  become  more  viscous. 
As  regards  their  physical  properties,  they  are  intermediate  be- 
tween  non-drying  and  drying  oils. 

All  train  oils  have  a  peculiar  odor  and  taste,  and  contain 
certain  animal  substances  which  render  them  unfit  for  burning 
oils.  They  are,  however,  extensively  used  in  the  manufacture 
of  soap,  in  tawing,  etc. 


♦  Hypogseic  acid,  which  is  identical  with  physetoleic  acid,  is  found  in  peanut  oil. 
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Name  of  the  Family. 

Name  of  the  Oil. 

Name  of  Species. 

Mammalia,  Pinnipedia, 

«                                M 

Walrus  oily 
Seal  oil, 

Trichechus  rosmams. 
Phoca  vitulina. 

"         Cetacea, 
«               « 

M                              M 
«                              M 

Black-fish  oil, 
Spermoil, 
Spermaceti  oil, 
lUght  whale  oil, 

Delphinns  globiceps. 
Physeter  macrocephalus. 

M                                « 

Balaena  antarctica. 

Pisces,  Gadini, 

Herring-dog  oil. 
Cod-liver  oil. 

"      rostrata. 
Gadus  morrhua,  etc. 

«                       M 

«         « 

**      lota,  etc. 

"      Kaiacei, 
**      Qupeacei, 

Ray  oil. 
Ordinary  fish  oils, 

Raia  clavata,  etc. 
Qupea  species. 

Glycerides  of  Palmitic  and  Stearic  Acids, — ^The  glycerides  of 
palmitic  and  stearic  acids  and  allied  acids  form  the  group 
which  in  the  language  of  ordinary  life  are  termed  "  fats."  The 
soft  varieties  are  called  grease  or  butter,  and  the  harder  ones 
tallow. 


A.  Solid  Fats  of  the  Vegetable  Kingdom. 


Name  of  the  family. 

Name  of  the  Fat. 

Name  of  Species. 

• 

Burseacese, 

Dika  fat, 

Irvingia  Barteri. 

Eaphorbiacese, 

Chinese  tallow, 

Stillingia  sebifera. 

Meliacese, 

Carapa  oil. 

Carapa  Tolucana. 

Dipterocarpese, 

Piney  tallow,  Malabar  tallow. 

Vateria  indica. 

Bttttneriacese, 

Cacao  butter, 

Theobroma  cacao,  etc. 

Terebinthaceae, 

Japanese  tallow  (wax). 

Rhus  succedanea. 

Qusiacese, 

Kokum  fat  or  Goa  butter. 

Brindonia    indica  =   Garcinia 
indica. 

Myristicese, 

Nutmeg  butter. 

Myristica  moschata. 

M 

Otoba  butter, 

"        Otoba. 

<« 

Ocuba  tallow  (wax). 

Ocuba. 

U 

Becuiba  tallow, 

*'        officinalis. 

« 

Virola  tallow. 

Virola  sebifera. 

Sapotese, 

Shea  butter  or  Galam  butter, 

Bassia  species. 

Lanrinese, 

Laurel  butter. 

Launis  nobilis. 

i< 

Laurel  tallow, 

Tetranthera  laurifolia. 

u 

Tongkallak  fat. 

Lepidedania   Wigh   =   CyUco- 
daphne  sebifera. 

Palmse, 

Cocoanut  oil. 

Elais  guianensis,  etc. 

u 
u 

Palm  oil, 
« 

Astrocaryum  vulgare. 
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B.  Solid  Fats  of  the  Animal  Kingdom, 


Name  of  the  Family. 

Name  of  the  Fat. 

Name  of  Species. 

Multungula,  Setigera, 

Solidungola, 

Ruminantia,  Cavicomia, 
« 

It 
Aves,  Palmipedes, 

Lard, 

Horse  (neck)  fat. 

Butter, 

Ox  tallow. 

Ox  marrow. 

Sheep  tallow, 

Goose  grease. 

Sus  scrofa. 
Equus  caballus. 
Bos  taunis. 

M                « 
«l                U 

Ovis  aries  L. 
Anas  anser  dom. 

Non-glycerides, — The  non-glycerides,  i.  e,y  the  waxes,  belong, 
like  the  preceding  groups,  to  the  compound  ethers  or  esters  of 
the  fatty  acids.  They  contain,  however,  less  of  the  triatomic 
alcohol  glycerin  and  more  of  the  primary  alcohols,  for  instance, 
cetyl  alcohol,  ceryl  alcohol,  etc. 

Waxes  have  a  firmer  consistency  than  tallows,  and  a  consider- 
ably higher  melting  point. 

A.    Waxes  of  the  Vegetable  Kingdom, 


Name  of  the 

Family. 

« 

Name  of  the  Wax. 

Name  of  Species. 

Artocarpese, 

Myriceae, 

Palm», 
II 

Fig  wax. 

Myrtle-berry  wax, 
Carnauba  wax. 
Palm-tree  wax, 

Ficus  ceriflua. 
Myrica  cerifera. 
Corypha  cerifera. 
Ceroxylon  andicola. 

B.   \ 

Vaxes  of  the  Animal 

Kingdom, 

Name  of  the 

Family. 

Name  of  the  Wax. 

Name  of  Species. 

Hymenoptera, 
Hemiptera, 
Mammalia,  Cetacea, 

Bees'  wax, 
Chinese  wax. 
Spermaceti, 

Apis  melHBca. 
Coccus  ceriferus. 
Physeter  macrocephalus. 

The  descriptions,  properties,  adulterations,  etc.,  of  the  various 
oils  and  waxes  will  be  found  in  Chapter  XV. 


CHAPTER  IX. 

CLEANING   AND   STORING   OIL   SEED. 

Previously  to  being  brought  into  commerce  or  subjected 
to  expression,  the  oil  seed  has  to  be  freed  from  sand,  earth, 
vegetable  admixtures — stems,  etc. — and  foreign  seed,  the  latter 
imparting  a  disagreeable  taste  to  the  press-cake,  while  by  the 
admixture  of  sand  and  earth  not  only  the  machinery  is  worn 
out,  but  the  oil  cake  deteriorates,  and  becomes  poorer  in  nutri- 
ment. 

The  separation  of  admixtures  of  foreign  bodies  specifically 
lighter  than  the  oil-seed  itself  is  eflfected  by  means  of  a  fan. 
The  effects  produced  by  the  foreign  seed  which  remains  after 
fanning  varies  and  may  be  distinguished  as  follows : 

1.  Seeds  which  furnish  oil  themselves  and  hence  do  not  di- 
minish the  yield,  but  the  oil  is  contaminated  with  foreign  oil, 
for  instance,  linseed  oil  with  hedge  radish  oil,  mustard-seed  oil 
or  camelina  oil,  the  plants  from  which  these  oils  are  derived 
being  troublesome  weeds  in  the  cultivation  of  flax. 

2.  Seeds  which,  while  not  yielding  oil,  contain  enough  of  it 
to  prevent  them  from  absorbing  oil  during  expression  and 
hence  increase  only  the  weight  or  volume,  for  instance,  the 
seeds  of  Polygonum  persicana  (spotted  knotweed  or  lady's 
thumb)  and  Polygonum  lapathifolium  (water  pepper). 

3.  Seeds  which  contain  no  oil,  or  at  least  only  minute  quan- 
tities of  it,  and  hence  in  pressing  absorb  oil,  consequently  di- 
minishing the  yield,  for  instance,  the  seeds  of  Lolium  arvense 
and  L,  temulantum  (darnel). 

To  the  third  division  belong  further  the  troublesome  admix- 
tures of  earthy  and  clayey  particles,  they  also  absorbing  oil. 

In  cleaning  oil  seed,  it  has  therefore  to  be  observed  whether 
the  impurities  to  be  separated  are 
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1,  of  the  same  size  as  the  seed  to  be  cleaned ; 

2,  or  smaller,  and 

3,  or  larger. 

The  first  are  the  most  difficult  to  remove,  since  they  remain 
among  the  seed,  except  they  can  be  comminuted  upon  the 
screen — for  instance,  small  lumps  of  earth,  etc.  The  others  are 
removed  by  screens  set  into  oscillatory  motion.  The  cylinder 
shown  in  Figs.  37  to  40  is  most  suitable  for  the  purpose.     It 

Fic.  37.  Fic.  38. 


has  a  six  or  eight-cornered  cross-section,  is  26  to  32  inches  in 
diameter,  about  6  feet  long,  and  from  C  to  A,  Fig.  40,  has  a  fall 
of  J^  to  [  inch  per  running  foot.  It  is  set  in  motion  by  a  six 
or  eight-cornered  shaft,  the  pivots  of  which  rest  in  cast-iron 
pillow  blocks.  On  the  upper  pivot  is  the  pulley  B.  For 
about  3  feet  from  the  top  the  wooden  frame  of  the  drum  C  is 
covered  with  a  fine  iron  screen  /?,  Fig.  38  (i  wire  to  the  milli- 
meter), and  the  remainder  with  a  coarser  screen  E,  Fig,  39  (1 
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wire  to  3.7  millimeters).  The  hopper  F,  Fig.  37,  for  the  in- 
troduction of  the  seed,  is  marked  in  the  cylinder  by  dots.  It  is 
bent  in  the  direction  of  the  motion  of  the  cylinder  as  indicated 
by  arrows.  The  cylinder  is  so  placed  in  a  room  that  the  dust 
created  is  carried  off  by  a  current  of  air.  For  working,  the 
cylinder  requires  a  power  corresponding  to  J^  horse  power. 
It  makes  40  revolutions  per  minute,  and  in  i  hour  cleans  64  to 
72  bushels  of  rape-seed. 


CLEANING  CYUNDER  :    SIDE  VIEW  AND  SEa 

A,  wooden  shaft;  J,  pulley;  C,  wooden  fnuce  of  tbe  dnun;  S,  fine  icreen;  E,  coaise 
tcreen;  F,  hopper  for  the  jrlrodnction  of  seed;  G,  boi  for  dint,  etc.;  H,  spout  for 
cleansed  teed;  /,  place  where  the  coaner  contaminations  are  depoiited. 

With  very  dirty  seed,  the  fall  per  running  foot  of  the  cylinder 
is  diminished  and  the  velocity  doubled. 

The  storage  of  oil  seed  requires  considerable  attention. 
When  fresh,  the  seed  should  be  spread  out  upon  the  floor  of 
the  store  house  in  piles  not  more  than  3  inches  high,  otherwise 
it  becomes  readily  musty  and  mouldy.  There  should  be  suf- 
flcient  ventilation  to  constantly  renew  the  air  impregnated  with 
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moisture,  but  without  exposing  the  seed  to  the  action  of  wind 
and  weather.  For  rapid  drying  the  piles  should  be  turned 
over  with  a  shovel  twice    a  day.     When  completely  dry  the 


seed  may  be  piled  up  i  foot  high  in  summer,  and  2  feet  high 
in  winter;  the  piles  must,  however,  be  turned  up  with  the 
shovel  at  least  once  or  twice  a  week,  because  the  seed  reab- 
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sorbs  moisture  from  the  air,  and   is  again  exposed  to  the  dan- 
ger of  becoming  mouldy      By  the  absorption  of  much  moisture 


from  the  air  the  seed  becomes  heated  in  the  pile,  < 

to  get  sticky  and  cakes  together.     Spontaneous  heating  of  the 
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1.  Percentage  of  water,  which  varies  from  5  to  10  per  cent. 

2.  Substances    extractable  by  water,   such  as  sugar,  gum, 
mucus,  which  amount  to  about  12  to  25  per  cent. 

3.  Substances  extractable  with  ether  (oil,  resin),  which  vary 
much. 

4.  Substances  insoluble  in  water  and  ether  (cellulose,  etc.), 
amounting  to  about  7  to  15  per  cent.,  and 

5.  Content  o(  ash,  which  varies  between  3  and  I2  per  cent. 
For  crushing  the  shells  and  comminuting  the  seeds,  the  fol- 
lowing arrangements  are  chiefly  used : 

1.  Stamping  mill. 

2.  Rolls. 

3.  Millstones  or  runners. 

Fir:.  43. 


Stamping   mills   were    formerly    exclusively   used,   but    at 

present  they  are  seldom  found,  and  then  only  in  small  oil  mills. 

A  stamping  mill  (Figs.  43  and  44)  consists  of  three  princi- 
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pal  parts :   the  cam-shaft,  stampers  or  pestles  and  their  frames, 
and  the  mortars. 

The  oaken  cam-shaft,  A,  which  is  set  in  motion  by  the  cog- 
wheels, £  and  C,  must  be  strong  enough  not  to  bend  under  the 
load  resting  upon  it  nor  from  the  motion  of  the  stampers.  It 
is  provided  with  the  wiper,  D,  which,  when  the  shaft  is  set  in 
motion,  catches  under  the  lift,  E,  and  raises  the  stamper,  F. 

Fic  44. 


j4,  horizontal  cam-shaft;  S,  cog-wheel  driven  by  cog-wheel  C,  which  sits  upon  the 
■haft  of  the  communicator;  ^,  wiper;  f,  lift;  ^.stamper;  [7,  mortar; /^,moitar 
bed;  y,  columns;  X',  horizanlal  supports;  L,  pawl;  A/,boa.td  to  prevent  scattering 

The  wipers  are  so  distributed  upon  the  cam-shaft  that  the 
stampers  are  not  raised  all  at  once,  but  in  a  determined  suc- 
cession and  at  equal  intervals.  While  emptying  or  filling  the 
mortars,  the  action  of  the  stampers  is  suspended  by  the  pawl  L. 
To  prevent  scattering  of  seed  in  filling  and  emptying,  a  board, 
M,  is  placed  upon  the  mortar  bed  back  of  the  stamping  mill, 
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while  another  board  for  holding  the  boxes  for  the  reception  of 
the  crushed  seed  is  placed  in  front  of  the  mortar  bed,  H. 

The  stampers,  of  hard  wood  and  best  shod  with  iron,  weigh 
each  about  144  pounds,  and  should  never  be  less  than  120 
pounds. 

The  mortars,  G,  should  be  shaped  as  shown  in  Fig.  45,  and 
must  be  large  enough  so  that,  when  properly  filled,  there  is  suf- 
ficient room  for  the  stamper  without  scattering  seed.     On  the 
bottom  of  each  mortar  is  an  iron  plate 
P'"-  4S-  fastened  with  screws,  upon  which  the 

stamper  falls. 

The  mortars  are  constructed  as  shown 
in  Fig.  45  : 
a  b  hub, 
b  c  =  U  ab, 
cd=%bc, 
de  =  df='  cd. 

e  ^  aad  fg  arcs   of  a  circle  around 
'  the  centre  d, 

c  i  and  f  k  arcs  of  a  circle  around  the 

centre  of /and  e, 

c  I  ^  Zl  millimetres  (1.29  inches). 

The  stamping  mill  is  generally  driven 

by  water  power ;   the  operation  is  very 

simple,  and  requires  no  further  explana- 
sttampingmill:  form  of  t,      ,      ,  .       , 

MORTAR.  *'*"'■     "y  *"^  aGs.K  developed  by  con- 

tinuous stamping,  the  seed-meal  be- 
comes also  heated,  which  is  recognized  by  vapors  arising  from 
the  mortars.  The  mass  is  then  sprinkled  with  water,  which  not ' 
only  cools  the  meal,  but  facilitates,  the  subsequent  expression 
of  the  oil. 

Rolls. — In  all  recent  oil  mills  the  stamping  mill  is  superseded 
by  rolls.     Figs.  46  and  47  illustrate  crusher  rolls. 

The  cleansed  seed  is  conveyed  to  the  crusher  roll  through 
the  hopper,  D,  by  means  of  the  grooved  roll,  G.  The  slide,  E, 
is  provided  with  a  screw  to  regulate  the  distance  between  it  and 


MANNER   OF   OBTAINING   FIXED   OILS.  24I  , 

the  feeding-roll,  G.     The  two  cast-iron  crusher  rolls  are  of  dif- 
ferent sizes,  the  diameter  of  A  being  four  times  that  of  B. 


\s:  longitudinal  secttoh. 
Fig.  47. 


^,  large  roll;  J,  null  roll;  C,  grooved  roll  in  (he  hopper,  Z);  £,  ilHe;  ^,  icrmper. 

The  distance  between  the  rolls  is  regulated  according  to  the 
size  of  the  seed  to  be  crushed.    The  large  roll.  A,  which  is 
put  in  motion  by  a  pulley  and  belt,  makes  fifty-six  revolutions 
VOL.  I — 16 
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per  minute,  and  by  friction  drives  the  small  roll,  B,  the  brasses 
of  which  are  movable. 

Below  the  rolls  are  placed  the  scrapers,  F/  which  are  pressed 
against  the  rolls  by  a  lever  and  weights,  and  free  them  from  ad- 
hering particles  of  seed. 

A  crusher  much   in    use,   which,   though   calculated   to  be 

Fig.  48. 


/4,  axle;  B,  fly-wheel;  (.',  small  driving-wheel  upon  A  ;  D,  cog-wheel  oi  the  one  roll; 
£,  cog-wheel  of  Ibe  other  roll;  6", /',  roll*;  //,  band-pullcf  upon^/,-  y,  band- 
pulley  upon  grooved  feeding-roll,  A'.-  L,  hopper;  At,  N,  scraper*. 

worked  by  hand,  can  also  be  driven  by  other  means  after  re- 
moving the  crank,  is  shown  in  Figs.  48,  49,  50,  and  51. 

The  internal  arrangement  is  illustrated  by  the  cross  section. 
Fig.  48. 


MANNER   OF   OBTAINING   FIXED   OILS.  243 

Upon  the  axle,  A,  sits  the  driving-wheel,  C,  connected  with 
the  fly-wheel,  B.  When  in  motion,  C  catches  into  the  spur- 
wheel,  D,  which  drives  the  cog-wheel,  E,  whereby  the  tw'o 
grooved  cast-iron  rolls,  G  and  F,  are  put  in  motion.  The 
band-pulley,  ff,  upon  the  axle,  A,  moves  at  the  same  time  one 
of  the  band-pulleys,  7,  which  are  of  different  diameters,  accord- 

F10.49. 


ing  to  the  speed  desired.  The  band-pulleys  revolve  the 
grooved  feeding-roll.  A*,  the  object  of  which  is  to  distribute  the 
seed  poured  into  the  hopper,  Z,  uniformly  upon  the  rolls  G 
and  F. 

The  scrapers  M  and  N  are   placed  under  the  rolls,  and  are 
pressed  against  them  by  a  lever  and  weight. 
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In  the  illustration  the  framework  is  of  wood,  but  it  is  now 

Fic  50. 


GBOUND-PLAN. 


generally  of  cast-iron.     Hollow  cast-iron  rolls  are  now  used  in- 
stead of  the  former  solid  ones. 

The  rolls  have  generally  a  diameter  of   12  inches,  but  vary 
Fig.  51. 


G  THAN  SHI  S5ION. 


very  much   in   length,   and   make    33   to  60   revolutions   per 
minute. 
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Figs.  52,  53,  and  54,  illustrate  a  steam  crusher  according  to 

Both  rolls  have  the  same  diameter.     The  grooved  distributing 
Fig.  sa. 


roll  distributes  the  seed  in  the  hopper  B  upon  the  rolls  C  and 
D.    The  quanti^  to  be  introduced  is  regulated  by  a  slide. 


The  crusher  is  put  in  motion  from  the  principal  shaft  by  means 
of  a  belt.     Upon  the  shaft  of  the  one  roll  sit  the  fixed  pulley 
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E  and  the  loose  pulley  F,  so  that  the  crusher  can  be  readily 
put  in  motion  or  stopped.  From  this  roll-shaft  the  second  roll 
D  and  the  distributing  roll  A  are  put  in  motion  by  the  cog- 
wheels G.  One  of  the  rolls  runs  in  fixed  brasses,  while  those 
of  the  other  can  be  shifted  horizontally  to  regulate  the  space 
between  the  rolls.  The  movable  brasses  are  connected  by  two 
long  bolts  tightened  by  strong  springs,  so  that  this  roll  acts 
with  a  certain  elasticity  against  the  fixed  roll,  allowing  solid 
substances  in  the  seed  to  pass  through. 

The  crushed  seed  is  scraped  from  the  solid  roll,  D,  by  the 
square  scraper  blade,  H. 

In  some  oil  mills  it  is  customary  to  pass  the  crushed  seed  a 

Fn;.  54. 


IGG.      GROUND-PLAN. 

,4,  distributing  roll;  ^.hopper;   C,  roll;   A  roll;   £,  fixed  pulley:  ^,looMpaUeyi 
C,  cog-wheel ;  H,  icraper. 

second  time  through  the  rolls,  placed  closer  together,  before 
bringing  it  under  the  millstones  or  runners. 

Seed  difficult  to  press  or  old  seed  is,  previously  to  and 
during  crushing,  moistened  with  a  smalt  quantity  of  water, 
which,  by  displacing  the  oil  in  the  seed,  renders  the  process  of 
extraction  much  more  easy  of  execution. 

Edge  runners. — The  seed  crushed  by  the  rolls  is  not  suffi- 
ciently fine,  and  has  to  be  ground  between  two  vertical  granite 
millstones  or  runners  revolving  on  a  horizontal  bed. 
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Figs.  5  5  and  56  give  two  views  of  a  mill.  Each  stone  weighs 
about  five  thousand  pounds  and  has  a  diameter  of  five  feet  nine 
inches.  Both  the  stones  A  and  B  revolve  slowly  around  the 
vertical  shaft  C,  whereby  they  also  revolve  around  their  hori- 
zontal shaft  D  and  scrape  upon  the  bed  E.     This  gives  them  a 

Fiu.  5S. 


/f,^,  stones;    C  vertical  shaft  1   Z>,  hoTUonlal  shRft;    f,  bed;   /;  wonn-wheel; 
G,  scraper;  H,  slide;  J,  shovel;  K,  lever. 

grinding' and  crushing  effect  and  converts  the  seed  into  a  uni- 
form and  extremely  fine  mass. 

The  vertical  shaft  C  is  set  in  motion  from  the  principal  shaft 
by  means  of  the  worm-wheel  F.  Two  scraper  blades,  resting 
with  their  weight  upon  the  bed  E,  revolve  with  the  stones ;  one 
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serves  to  brush  the  seed  forced  to  the  outer  edge  by  the  stones 
back  to  the  interior,  and  the  other  to  return  the  seed  pushing 
towards  the  centre  into  the  track  of  the  runners.  These  func- 
tions are  efllected  by  the  peculiar  curve  of  the  scrapers. 

When  the  seed  is  sufficiently  ground  it  is  removed  by  open- 
Fig.  56. 


ing  the  slide,  H,  and  allowing  the  crescent-shaped  shovel,  J, 
held  by  the  lever,  K,  to  fall  upon  the  bed. 

In  grinding  the  seed  under  the  millstones  it  is  also  necessary 
to  moisten  it. 

Some  manufacturers  press  the  spontaneously  heated  meal 
without  preparatory  heating. 
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The  most  modern  constructions  of  crushing  rolls  avoid  the 
troublesome  and  time-consuming  comminution  of  the  seed  be- 
tween ordinary  rolls  and  edge-runners;  the  seed  by  being 
passed  successively  through  a  number  of  rolls  is  ground  suffi- 
ciently fine  to  allow  of  its  being  immediately  subjected  to  pres- 
sure.    A  type  of  these  crushing  rolls  is  shown  in  Fig.  57.     It 

FIG.  57. 


CRUSHING  ROLLS. 
A,  hopper;  B,  rolto:  C,  D,  driving  ihafti;  E,  trough  for  the  ground  Kcd. 

consists  of  four  superposed  roll  about  16  inches  in  diameter 
and  42  inches  long,  so  arranged  that  the  seed  is  delivered  from 
the  hopper  above  between  the  two  uppermost  rolls.  The  de- 
livery from  the  hopper  is  effected  by  means  of  a  fluted  feed 
roller,  the  same  length  as  the  crushing  rolls,  and  a  slanting 
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shoot.  Having  passed  between  the  two  uppermost  rolls,  the 
seed  is  delivered  by  another  curved  shoot  or  guide-plate  be- 
tween the  second  and  third  rolls,  which  crush  it  further;  in 
similar  manner  it  passes  by  another  guide-plate  between  the 
third  and  fourth  rolls,  where  it  receives  the  final  grinding. 
Fic.  jS. 


<4,  elevttor;  B,  trough  of  cnishing-tolli;  C,  heuing-pan. 

Having  passed  the  last  rolls,  the  ground  seed  falls  into  a  trough 
E,  Fig.  57,  or  passes  through  an  opening  in  the  foundation  into 
an  Archimedean  screw  and  is  conveyed  to  a  trough  from  which 
an  elevator  lifts  it  into  a  heating-pan  as  shown  in  Fig.  58. 
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Apparatus  for  heating  the  seed  meal. — For  the  preparation  of 
table  oils  of  a  pure  and  mild  taste  the  seed-meal  is  brought  di- 
rectly mto  the  press   and  pressed  cold ;   the  residue   is  then 


A,  cut-iroD  healing  plate;  B,  grate;  C,  stoke  hole;  Aasb  pit;  £,  pan  with  handle; 
F,  hopper;  C,  vertical  shaft;  H,  stirrei;  J,  levet. 

heated  and  subjected  to  a  second  pressure.  But  for  oils  for 
domestic  and  technical  purposes,  such  as  lamp  and  machine 
oils,  the  seed  is  heated  before  the  first  pressure. 
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Heating  the  seed-meal  offers  many  advantages :  the  oil  is 
rendered  more  limpid  and  therefore  more  easily  expressed,  a 
greater  yield  is  obtained,  and  the  albuminous  substances  are 
coagulated  and  the  mucus  dried  up.  But,  on  the  other  hand, 
it  has  the  disadvantage  that  substances  of  an  acrid,  disagreea- 
ble taste  are  more  readily  absorbed  by  the  warm  oil,  this  being 
the  reason  why  oil  for  table  purposes  is  cold  drawn. 

Heating  is  effected  either  in  shallow  pans,  or  upon  plates 
over  an  open  fire,  or  by  steam.  The  first  method  is  the  oldest, 
and,  though  still  in  use,  the  practice  is  by  no  means  judicious. 

Figs.  59,  60,  61,  and  62  show  a  heating  apparatus  over  an 
open  fire.     The  cast-iron  plate,  A,  sits  immediately  over  the 

Fig.  61.  Fig.  6a. 


fire-box.  The  cast-iron  or  copper  pan,  £,  is  fastened  to  A  by 
means  of  screws.  The  object  of  the  stirrer.  If,  when  in  motion, 
is  to  uniformly  mix  the  meal  and  to  prevent  it  from  being 
scorched  by  too  long  a  contact  with  the  hot  bottom.  To 
facilitate  the  emptying  of  the  pan  the  stirrer,  /f,  is  raised  by 
the  lever,  % 

In  each  pan  is  only  placed  at  one  time  the  quantity  of  meal 
required  for  one  press  cake  (nine  to  eleven  pounds). 

Sufficient  heating  is  recognized  by  pressing  a  small  sample 
between  the  fingers;   the  oil  must  thereby  run  out  readily,  the 
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mass  not  become  lumpy,  but  retain  the  shape  received  by  the 
pressure. 

After  sufficient  heating  the  movable  ring  of  the  pan  is  re- 
moved and  the  mass  poured  into  bags  suspended  to  hooks  on 
the  hopper,  F, 

Fig.  63. 


I.      SECTION  THROUGH  THE  CRNTRE. 


HEATIKG-PAN.      FRONT  VIEW. 

A,  cut-iron  pui;   B,  ibeet-iion  jacket;    C,  waoden  mantle;   D,  iheel-iron  lid  with 
doon  E ;  J-',  vertical  Hah;   G,  stirrer;  //,  opening;  y,  plag;  Jf,  hopper. 

A  warming  pan  according  to  Riggi  which  is  fed  by  low- 
pressure  steam  from  the  principal  boiler  of  a  steam  engine  by 
means  of  a  low-pressure  valve,  is  illustrated  by  Figs.  63,  64, 
6;  and  66. 
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The  vertical  section,  Fig.  63,  shows  the  interior  of  the  cast- 
iron  pan  Ay  surrounded  by  the  sheet-iron  jacket  B,  into  which 
steam  is  introduced.  The  apparatus  is  protected  from  a  loss 
of  heat  by  a  covering  of  felt  and  the  wooden  mantle  C.  Fig. 
6s  shows  the  ground-plan  of  the  sheet-iron  cover  D,  which  is 
provided  with  two  doors  through  which  the  meal  is  introduced. 

The  vertical  shaft  F,  set  in  motion  from  the  principal  shaft 
by  means  of  bevel  wheels,  drives  the  stirrer  C,  which  is  shown 
in  Fig.  66. 

On  one  side  of  the  cast-iron  pan   is  an  opening  H.     This 

Fig.  65. 


Fig.  66. 


a 


HEATING  PAN.      GROUND-PLAN. 


opening  can  be  closed  by  the  plug  5^/  on  removing  the  latter 
the  stirrer  acts  as  a  shovel  and  forces  the  heated  meal  into  the 
press-bags  suspended   to  the  hooks  on  the  two  hoppers,  K  K. 

The  bags  of  strong  woollen  stuff,  when  full,  are  pressed  flat 
between  horse-hair  mats  and  then  brought  into  the  press. 

The  heating  pan  rests  upon  three  columns  not  shown  in  the 
illustration. 

Another  warming  pan,  in  which  the  seed-meal  is  saturated 
with  steam,  is  shown  in  Figs.  6j  and  68. 
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The  novelty  of  this  heating  pan  is  that  the  seed  is  not  moist- 
ened while  being  ground,  but  is  heated  and  saturated  with  steam 
in  the  pan. 

The  inner  boiler  A  is  surrounded  by  a  second  one  B.  In  A 
is  a  circular  perforated  pipe  C,  through  which  the  steam  passes 
into  the  seed-meal  in  A.  The  stirrer  G  is  driven  from  the 
principal  shaft  by  means  of  bevel  wheels.  At  F  is  an  opening 
provided  with  a  slide,  through  which  the  heated  meal  is  dropped 
into  a  vessel  holding  exactly  enough  for  one  press-cake. 

F1C.67. 


HEATINC  FAN.       SKLIION    IHKUI  liH   IHEtENIUtt, 

.4,  inner  boiler;  £,  outer  boiler;  (T, lupports  of  the  appuBtiu ;  D,stiitei;  £',vertic»l 
ihaft;  /",  opening  with  dide;  C,  perforated  >team-pipe;  J/,  pipe  for  the  introdnc- 
tion  of  iteun. 

In  conclusion,  may  be  mentioned  the  double  warming  pan 
according  to  Muspratt,  the  construction  of  which  is  shown  in 
vertical  section  (Fig.  69)  and  in  ground-plan  (Fig,  70). 

The  pan,  heated  by  steam,  consists  of  two  cylindrical 
chambers  A  and  B,  the  first  being  placed  over  the  latter,  and 
both  being  surrounded  by  the  steam-jacket  C.  Steam  is  intro- 
duced  through  the  pipe  D,  and  passes  out,  together  with  the 
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water   of    condensation,   through   E.     The   shaft    7%   passing 
through  both  chambers,  is  provided  with  two  stirring  arms  G, 


Fig.  68. 


HEATING  PAN.      SECTION  THROUGH  GROUND-PLAN. 


and  makes  thirty-six  revolutions  per  minute,  bringing  every 
portion  of  the  meal  uniformly  in  contact  with  the  heated  sides 
and  bottom. 

The  upper  chamber  A  is  closed  with  the  sheet-iron  lid  H, 
This  chamber  is  first  filled  with  meal,  where  it  remains  for  ten 
to  fifteen  minutes,  and  is  then  brought  into  the  lower  chamber 
by  opening  the  slide  J  on  the  opening  K,  In  the  lower 
chamber  the  meal  remains  until  it  is  brought  into  the  press. 

The  meal,  when  heated  to  a  temperature  of  about  176°  F.,  is 
removed  from  the  pan  by  the  stirring  apparatus  after  opening 
the  slide  AT,  and  falls  into  the  press-bag  suspended  to  the  hop- 
per M, 

The  following  explanations  of  heating  apparatus  may  be 
added  to  those  already  given. 

Steam  heaters  are  constructed  either  of  cast  iron,  or  sheet- 
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iron  about  2  millinieters  thick,  and  are  about  3  feet  in  diameter 
and  6  inches  high.     The  stirrer  of  iron  or  copper  is  placed  ob- 


A  and  B,  two  cylindrical  chamben  for  the  teceptian  of  the  meal;  C,  iteam-jacliet ; 
D,  pipe  for  introducing  steam;  E,  discharge  pipe  for  steam  and  condensed  water; 
/;  ibafi;  C,  two  stirring  arms;  //,  sheet-iron  cover;  y,  dide;  A",  opening;  /,, 
door;  JIf,  hopper;  jV,  slide. 

liquely,  and   two  stirrers  of  a  heater  require,   with   30  to   36 
revolutions  per  minute,  about  j'u  to  ^  horse-power. 
VOL.  I  — 17 
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For  heating  either  live  or  exhaust  steam  is  used.  The  meal  is 
heated  to  from  167^  to  176^  F. ;  the  temperature  should  never 
exceed  that  of  boiling  water.  For  heating  rape-seed  for  the 
first  pressure  with  steam  of  230°  F.,  about  |  lb.  of  steam  is 
required,  and  for  the  second  pressure  about  ^  lb.  For  each 
kilogramme  (2.2  lbs.)  of  meal  which  is  to  be  tested  twice  in 
one  hour,  a  heating  surface  of  82  square  centimeters  (12.71 
square  inches)  has  to  be  provided. 

Expression  of  OIL 

After  the  preparation  of  the  seed  by  the  different  machines, 
it  is  subjected  to  pressure.  Hydraulic  presses  are  now  gen- 
erally employed,  though  the  old  Dutch  mill  or  wedge-press  is 
still  occasionally  found  in  small  mills.  It  has  the  advantage  of 
being  cheaper,  and  by  some  is  held  to  be  better  adapted  for 
the  expression  of  oil.  The  heated  seed  meal  to  be  subjected  to 
pressure  is  placed  in  bags  of  woolen  cloth  or  horse-hair. 

Wedge  press, — The  wedge  press  is  composed  of  two  principal 
parts : 

1 .  The  press-box,  made  either  of  a  solid  block  of  oak,  with 
square  places  cut  out  for  the  reception  of  the  meal  bags,  or  of 
cast-iron. 

2.  The  drivers,  consisting  of  vertical  movable  wooden  rams, 
which  are  lifted  by  a  cam-shaft  and  in  falling  down  act  upon 
the  wedges. 

Figs.  71  to  86  illustrate  the  principal  view,  ground-plan,  and 
separate  parts  of  a  wedge  press. 

The  cast-iron  or  oaken  press-boxes  J  rest  upon  solid  brick- 
work or  other  firm  foundation,  in  which  is  also  fixed  the  frame 
A  and  B, 

Each  press-box  contains  two  press-bags  O^  two  correspond- 
ing perforated  bottoms  My  and  the  collecting  and  discharge 
pipe  N  for  the  oil.  The  press-bags  are  placed  between  two 
movable  cast-iron  plates  P  and  T,  The  lining  Q  and  the  in- 
termediate pieces  or  tongues  R  join  the  plates  7". 

The  arrangement  of  P  and  T  is  plainly  shown  in  Figs.  79 
to  86. 


MANNER   OF   OBTAINING   FIXED   OILS.  259 

On  the  side  of  one  of  the  intermediate  pieces  R  is  the  spring 
wedge  L  suspended  by  a  rope ;  it  serves  to  take  the  apparatus 
to  pieces  after  expression  is  finished.  On  the  side  of  the  other 
intermediate  piece  R  is  the  pressing  wedge  A",  and  between  L 
and  K  the  intermediate  piece  S.  The  wedges  and  intermediate 
pieces  are  made  of  white  beech,  and  the  plates  P  and  T  of 
cast-iron. 

The  pressing  box  is  packed  in  the  above-described  succes- 
sion, only  the  pressing  wedge  coming  last.  Care  should  be 
had  to  inclose  the  meat  uniformly  in  the  pressing  clolhs  or 
Fig,  71,  Fig,  71. 


WEDGE  PRESS.      FRONT  VIEW.  WEDGE  PRESS.      SIDE  VIEW. 

bags,  SO  that  no  creases  are  formed  or  layers  of  meal  of  unequal 
thickness,  as  otherwise  the  press-plates  run  crooked  and  the 
press-cloths  and  the  press  itself  suffer  injury. 

The  front  view,  side  view,  and  ground-plan  of  the  wedge 
press  are  shown  in  Figs.  71,  72,  and  73.  A  are  the  uprights  of 
the  framework,  B  horizontal  supports  which  serve  for  vertically 
guiding  the  rams  C  and  D,  provided  with  the  hfts  £  and  F. 
Under  the  lifts  catch  the  wipers  G,  which  sit  upon  the  shaft  ff. 
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The  rams  C  and  D  are  vertically  placed  over  the  press-box, 
so  that  the  ram  C  strikes  the  spring  wedge  L,  and  D  the  press- 


ing wedge  K.     The  rams  work  alternately,  so  that  while  C  C 
are  at  work  D  D  stand  still,  and  vice  versa. 

The  rams  are  stopped  by  the  joint  lever  a  by  means  of  the 
cord  c  running  over  the  pulleys  b.     The  cord  catches  under 

Fig.  74.  Fio.  75. 


LONGITUDINAL  SI 


the  peg  f/and  raises  the  rams  sufficiently,  so  that  the  lifts  E 

and  F  are  no  longer  reached  by  the  wipers  G  upon  the  shaft  H. 

Everything  being  arranged  in  proper  order,  the  rams  D  are 
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set  ill  motion,  whereby  the  press  wedge  K  is  forced  deeper  and 
deeper  between  the  other  parts,  exerting  a  pressure  of  gradu- 
ally increasing  force  upon  the  press  plates.  The  oil  running 
through  the  perforations  of  the  plate  and  the  pipe  N  is  caught 

FIG.  77- 


up  by  a  vessel.  After  the  exhaustion  of  the  meal  the  ram  D  is 
stopped  and  a  few  strokes  given  to  the  spring  wedge  L  by  the 
ram  C.  This  forces  the  spring  wedge  into  the  empty  spaces, 
thereby  loosening  the  other  wedges. 


Fi«s.  J9,        80, 


82, 


83. 


84, 


8s, 


Figs.  79,  So,  iji,  83,  views 
Figs.  83,  84,  85,  86,  views 

Great  precaution  is  required  in  stopping  the  rams  and  loosen- 
ing the  wedges. 

In  proportion   to  the  time  and  labor  required,  the  wedge- 
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press  allows  of  but  light  charges;  the  useful  effect  is  equal  to 
^  of  the  absolute  work.  The  rams  are  about  i6  feet  long  with 
a  square  diameter  of  8  to  8^  inches.  The  longest  stroke  is 
about  23  inches.  Fifteen  strokes  may  be  given  per  minute, 
which,  with  a  press-cake  of  10  or  11  lbs.,  forces  the  wedge 
down  in  about  6  minutes.  A  wedge-press  furnishes  about  13 
cwt.  oil-cake  per  day. 

For  the  first  pressure  only  10  to  12  strokes  are  used,  while 
for  the  second  pressure  36  to  40  strokes  are  required, 

Hydraulic  presses. — The  hydraulic  press  is  based  upon  the 
law  of  hydrodynamics,  first  clearly  stated  by  Pascal,  that  liquids 

Fig.  87. 


A,  Ui^  cylinder;  B,  ■mall  cylinder;   C,  luge  piston;   D,  imall  pitton;  E,  con- 
necting pipe. 

transmit  equally  in  all  directions  a  pressure  exerted  at  any  point 
of  their  mass.  If,  therefore,  the  cylinders  A  and  B,  Fig.  87,  are 
completely  filled  with  a  liquid,  and  a  pressure  is  exerted  by  the 
piston  D  being  pushed  with  a  certain  force  into  the  liquid,  this 
pressure  will  be  transmitted,  and  the  walls  of  the  cylinders  and 
those  of  the  connecting  pipe  E,  as  well  as  the  lower  surface  of 
the  piston  C,  will  stand  under  the  same  pressure.  The  piston 
C,  being  movable,  is  pushed  upwards  with   a  force  as   many 
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times  greater  than  the  pressure  exerted  by  D  as  its  surface  is 
greater  than  D, 

Now  suppose  the  area  of  the  piston  C  to  be  twenty  times  as 
laage  as  that  of  the  piston  D.  Hence  it  follows  that  if  we  press 
in  the  piston  D  with  a  force  of  ten  pounds,  the  piston  C  will  be 
forced  out  with  twenty  times  as  much  force,  or  two  hundred 
pounds ;  and,  on  the  other  hand,  if  we  press  in  the  piston  C 
with  a  force  of  two  hundred  pounds,  the  piston  D  will  be  forced 
out  with  a  force  of  only  ten  pounds.  It  is  evidently  unimport- 
ant that  the  connection  should  be  so  direct  as  in  Fig.  87.  If  it 
is  effected  by  a  long  and  narrow  tube  the  principle  will  still 
hold  true,  provided  only  that  the  joints  are  tight  and  the 
material  of  the  vessel  unyielding. 

The  hydraulic  press  in  general  use  is  only  a  modification  of 
the  apparatus  represented  by  the  diagram  Fig.  87,  the  pressure 
with  the  piston  D  being  not  exerted  by  simply  pressing  it  into 
the  liquid,  but  by  moving  it  up  and  down. 

In  descending  the  piston  D  presses  upon  the  liquid,  while  in 
ascending  it  sucks  fresh  liquid  from  a  reservoir,  both  periods 
being  separated  from  each  other,  so  that  during  the  ascent  the 
water  in  the  press  cylinder  is  shut  off  from  the  pump,  thus  pre- 
serving the  pressure  in  the  cylinder. 

Fig.  88  shows  the  press  cylinder  A  with  its  piston  C,  which 
carries  a  press  plate  or  platform  F,  The  articles  to  be  pressed 
are  placed  between  this  and  a  second  platform  or  press  head  Gy 
which  is  connected  with  the  press  cylinder  by  the  columns  H, 

The  press  is  put  in  motion  by  moving  the  piston  D  up  and 
down  by  means  of  the  lever  /T,  the  fulcrum  of  which  is  at  Z. 

On  the  lower  end  of  the  pump  cylinder  By  which  holds  the 
piston  /?,  is  the  suction  valve  M,  and  in  the  delivery  pipe  E  the 
delivery  valve  N, 

The  pump  cylinder  is  connected  with  a  reservoir  of  liquid,  so 
that  on  raising  the  piston  D,  fluid  from  the  reservoir  O  can 
enter  the  cylinder  B  through  the  valve  My  which  opens,  while 
the  delivery  valve  N  remains  closed. 

Now  by  pressing  the  piston  D  down,  the  suction  valve  M  is 
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closed,  and  the  liquid  displaced  by  the  piston  escapes  through 
the  opening  delivery  valve  N  in  the  delivery  pipe  E  into  the 
cylinder  A.  The  piston  C,  with  the  press  plate  F,  ascends,  and 
by  approaching  the  stationary  press  head  G,  compresses  the 
material  placed  between  F  and  G. 


A,  press  cylinder;  B,  pump  cylinder;  C,  press  piston  ;  D,  pump  piston;  E,  delivery 
pipe;  ^;  press  plate;  f/,  press  head;  //,  connecting  columns;  J?,  press  mMerial; 
A",  lever;  L,  fulcrum  of  lever;  M,  suction  valve;  ^V,  delivery  valve;  O,  reservoir: 
P,  safely  valve. 

During  the  ascent  of  the  piston  D,  the  delivery  valve  N  closes 
again,  and  as  the  material  undergoing  pressure  always  exerts  a 
certain  elastic  resistance,  the  liquid  in  the  press  cylinder  re- 
mains under  the  same  pressure. 

The  delivery  pipe  E  is  further  provided  with  a  safety-valve 
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Py  kept  in  place  by  a  weight  acting  on  it  through  a  lever.  As 
soon  as  the  pressure  exceeds  a  determined  maximum  the 
valve  opens  and  the  pressure  is  relieved  by  the  escape  of 
water. 

Further  observations  will  be  made  in  discussing  the  details  of 
presses  and  pumps. 

Hydraulic  presses  used  in  the  extraction  of  oil  do  not  essen- 
tially differ  from  those  for  other  purposes,  and  now  introduced 
in  all  large  oil  mills.  They  are  either  of  a  vertical  or  hori- 
zontal construction,  the  latter  form  offering  greater  convenience 
for  catching  the  oil.  In  many  mills  both  systems  are  founds 
the  vertical  press  being  used  for  the  first  pressure  and  the 
horizontal  one  for  the  second,  or  vice  versa. 

Box  press, — This,  the  simplest  form  of  a  vertical  press,  is  il- 
lustrated  by  Figs.  89,  90,  and  91.     The  cylinder  A  is  con- 
nected with  the  head  D  by  three  wrought-iron  rods  E,     The 
press-plate  C  is  provided  with  a  channel  from  which  the  oil 
runs  off  through  a  pipe. 

The  sieve-like  press-box  /%  Figs.  89  and  91,  is  strengthened 
by  wrought-iron  rings ;  between  the  rings  are  five  rows  of  con- 
ical holes.  There  is,  further,  a  sheet-iron  jacket  G  to  prevent 
the  oil  from  squirting. 

The  press-plate  C  allows  the  press-box  F  to  be  shifted  so 
that  the  filled  press  bags  and  the  plates  can  be  conveniently 
placed  in  position.  The  plate  is  also  provided  with  a  circular 
opening  larger  in  dimensions  than  the  press  cake,  to  facilitate 
the  emptying  and  removal  of  the  latter. 

The  seed-meal  is  packed  in  bags  of  sheep's  wool,  a  circular 
iron  plate  without  holes  and  about  one-quarter  inch  thick 
being  placed  between  every  two  bags. 

The  press-box  holds  5  or  6  bags,  each  weighing  about  22 
pounds,  so  that  no  to  132  pounds  of  seed-meal  are  pressed  at 
one  time. 

The  pressure  upon  the  bags,  which  amounts  to  about  150  at- 
mospheres, reduces  their  bulk  from  about  20  inches  in  thick- 
ness to  about  8  or  9  inches. 
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As  this  press  is  exclusively  used  for  the  first  pressure,  the 
round  form  of  the  cake  is  chosen. 


HYDRAULIC  PRESS.      SECTION  THBOUGH  THE  CI 


01 ;  C,  preta-table ;  D,  head ;  £,  drawing  rodl ;  F,  proa-box ; 
G,  sheet-iron  jacket  urith  handle. 


E  PRESS-TABLE. 
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Fic.  91. 


Experience  has  shown  it  to  be  better  to  press  the  cakes 
separate  boxes  than  in  one. 


m 

s 

B 

-i 

HVURAULIC  PRRSS. 

j4,  prcM-cylindet;   £,  prew-bead;   C,  lam;  D,  vertical   rodi;  E,   pteBS-boxes; 
J-',  collecting  pipe. 

Figs.  92  to  98  illustrate  a  modern   press  with  four  boxes, 
which  are  shown  in  views  and  sections  in  Figs  95,  96,  97,  and 
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98.  The  boxes  E  slide  between  the  vertical  rods  D  of  the 
press,  and  are  pressed  together  after  having  received  the  press 
material  and  the  horse-hair  mats.  The  oil  runs  into  gutters 
and  from  there  into  a  reservoir.     After  the  oil  is  expressed,  the 


Fig.  95. 


Fiage. 


section;^ TO ^.  SECTION;  xtox. 

press  water  is  discharged  through  a  valve,  the  piston  and  boxes 
fall  down  by  their  own  weight,  the  horse-hair  mats  are  taken 
out  and  the  press  cake  is  removed  from  the  bag.  The  edges  of 
the  press  cake,  which  still  contain  oil.  are  cut  off,  ground  under 
runners,  and  again  subjected  to  pressure. 

The  hydraulic  press,  described  above,  has  a  ram  with  a 
diameter  of  nearly  10  inches,  and  works  with  a  pressure  of 
about  660  pounds  per  0.155  square  inch. 

Figs.  99  to  102  show  a  hydraulic  press  according  to  Rose, 
Downs,  and  Thompson,  in  which  the  seed-meal,  enveloped  in 
woolen  cloths,  is  placed  between  press  plates  and  pressed. 

The  press  is  shown  in  a  charged  state.  The  press  cylinder 
has  a  diameter  of  about  13  inches,  and  the  pressure  Is  equal  to 
about  265  pounds  per  0.155  square  inch. 

The  crushing  rolls,  also  patented  in  England  by  Messrs.  Rose, 
Downs,  and  Thompson,  used  in  connection  with  these  presses, 
differ  from  the  ordinary  ones  in  the  number  and  arrangement 
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■of  the  rolls.  Four  of  them  are  used,  and  are  arranged  vertically 
above  each  other.  The  rolls  are  also  much  longer,  being  about 
2}i  f*^*  long,  while  those  formerly  used  were  at  the  utmost 
■about  1,64  feet  long. 

F1C99. 


^,  prMS- cylinder;  B,  head;    C,  verticftl  rods;  D,  pre»-plale». 

The  brasses  of  the  rolls  can  be  vertically  shifted  in  the  frame, 
the  seed  passing  through  between  all  the  rolls. 

After  the  seed  has  been  brought  between  the  first  and  second 
rolls  it  is  removed  from  the  first  roll  by  a  stationary  scraper, 
falls  between  the  second  and  third  rolls,  and  finally  between 
the  latter  and  the  fourth. 

By  the  use  of  these  crushing  rolls  the  work  of  grinding  the 
seed  between  millstones  is  done  away  with  and  the  crushed 
seed  is  immediately  lifted  into  the  heating  pan,  shown  in  Figs. 
67  and  68,  pages  255  and  256.  From  the  heating  pan  it  is 
brought  into  a  vessel  the  volume  content  of  which  corresponds 
exactly  to  the  quantity  required  for  each  press-cake. 

By  means  of  these  vessels  the  crushed  seed  is  conveyed  to  a 
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forming  or  pressing  machine  (Figs.  103,  104,  and  105)  by 
which  the  seed  is  shaped  into  a  form  suitable  for  the  press,  thus 
making  a  considerable  saving  in  the  working  expenses. 


The  measuring  vessel  a,  Fig.  103  and  104,  is  filled  from  the 
heating  pan  and  then  pushed  to  the  right  upon  the  plane  d. 

The  machine  has  two  slides  c  c,  in  which  two  shde  bars  d  d 
are  shiftable ;  upon  the  latter  is  placed  a  vessel  e  of  light  steel 
sheet  with  a  wooden  frame.     In  this  vessel  is  placed  the  cloth 

f,  so  that  it  hangs  down  on  both  sides. 

Upon  the  vessel  e  and  the  cloth  f  is  placed  the  wooden  frame 

g,  movable  in  a  hinge.  On  top  of  ^  is  a  guide  for  the  meas- 
uring vessel  a,  which  moves  upon  the  plane  b  towards  the 
frame  g,  and  in  passing  over  it  empties  the  seed  upon  the  cloth 
f.  This  operation  is  especially  illustrated  by  Fig.  106.  The 
frame  g  is  then  turned  up,  and  after  folding  the  cloth  over  the 
seed,  the  slide  bars  d  d,  with  the  vessel  e  resting  upon  them. 


manner  of  obtaining  fixed  oils. 
Fig.  104. 


MACHINE,      GROUMD-PLAN. 

ig  vesul;   6,  plane;   f,  slide;   il',  slide-rod ;   f,  veasel; /,  cloth;  £-,  frgme; 
h,  preu  head;  1,  preia  plate;  i,  wiper;  I,  shaft. 
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are  pushed  under  the  press  head  h,  so  that  the  vessel  e  stands 
upon  the  press  plate  /,  as  shown  in  Fig.  104. 

By  the  wiper  k,  set  in  motion  by  the  shaft  /,  which  makes 
four  revolutions  per  minute,  the  press-plate  i,  with  the  vessel  ^, 
is  pressed  upwards  against  the  stationary  press-head  A,  and  the 
seed  enveloped  in  the  cloth  /subjected  to  a  preliminary  pres- 
sure. 

Fig.  106. 


MANNER  OF  FILLING  FORM. 


By  an  arrangement  not  shown  in  the  illustrations,  every  time 
the  vessel  e  is  pushed  under  the  press-head  //,  the  cam-shaft  / 
is  automatically  engaged.  It  is  connected  by  a  coupling  with 
a  shaft  constantly  revolved  from  the  principal  shaft. 

The  coupling  \%  automatically  engaged,  and,  as  soon  as  the 
wiper  has  made  one  revolution,  is  again  automatically  disen- 
gaged. After  removing  the  vessel  e,  the  cake  is  brought  into 
the  press. 

During  the  time  of  pressure,  which  lasts  about  %  minute,  a 
second  vessel  is  filled  in  the  described  manner,  and  so  on. 

The  advantages  of  this  machine  are  as  follows : 

1.  The  expensive  hairs  are  done  away  with. 

2.  Each  press,  instead  of  four  cakes,  as  formerly,  can  now 
receive  eighteen  with  the  same  height  between  the  head  and 
ram,  on  account  of  the  slight  thickness  of  the  cakes  themselves, 
which  has  been  reduced  from  about  i%  inches  to  i)^,  and  the 
absence  of  the  thick  hairs. 

The  cakes  are  then  placed  between  the  press  plates  in  the 
press,  and  pressed. 
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The  oil  collects  in  a  reservoir  from  which  it  is  conveyed,  by 
means  of  pumps,  to  the  general  reservoir  large  enough  to  hold 
2000  tons  of  oil. 

The  cakes  coming  from  the  press  are  taken  from  the  cloths 
and  the  edges  trimmed  off  with  a  cutting  machine.  These 
edges  are  then   ground   fine  under  runners,  and  the  resulting 

Fic  107.  Fia.  108. 


HVDSAUUC  PRESS. 

Jh-onI  view.  Side  view. 

A,  prnc-cylindet;   B,  rmra;    C,  head;   D,  drawing  rod*;   E,  p(e*i-room  ot  cake- 
chamber;  F,  preM-plate*;  C,  joint  pipe;  N,  delivery  pipe;  y,  diacharge  pipe. 

meal  mixed  uniformly  with  fresh  material  previously  to  being 
brought  into  the  heating  pan. 

This  manner  of  treatment  is  based  upon  the  experience  that 
VOL.  1— rS 
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the  interior  of  the  cake  contains  but  little  oil,  it  being  forced  in 
pressing  to  the  edges. 

The  advantages  claimed  for  this  system  are  as  follows : 

1.  A  saving  of  20  per  cent,  in  working  expenses. 

2.  Great  saving  of  space. 

3.  Better  appearance  and  better  quality  of  the  cakes. 

4.  A  greater  exhaustion  of  the  seed,  the  cakes  retaining,  by 
the  old  process,  \oyi  per  cent,  of  oil,  and  by  this  system  only 
7  per  cent. 

5.  Saving  of  about  50  per  cent,  of  working  power. 
Another  form  of  hydraulic  press  is  shown  in  Figs,  107,  108, 

and  109. 


The  meal  packed  in  cloths  is  placed  between  the  separate 
plates  F,  which  rest  with  their  projecting  edges  upon  the  lateral 
step-like  metal  plates. 

The  ram  B  catches  first  the  lower  plate  F,  and  in  the  course 
of  the  pressing  operation  lifts  att  the  plates  from  their  seats  and 
presses  the  cakes  packed  between  them. 

On  the  side  of  the  press-cylinder  A,  Fig.  109,  is  the  joint  pipe 
G  for  the  press  water;  it  is  also  used  for  discharging  the  press 
water  after  the  operation,  so  that  the  ram  descends  by  its  own 
weight. 

From  the  joint  pipe  G  branch  off  two  pipes,  one  leading  to 
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the  pump,  and  the  other  to  the  discharge  place;  both  can  be 
closed  by  a  stop-valve. 


HVSUULIC  PAN-MKSS.     SECT 
A,  pteM-<7litidec;  B,  nun;  C,  bead;  D,  draniog  roda;  £,  prets-paiw;  F,  coUecdog 
gntten;    C,  duchtrge  pip^  ('»'  "'^i   ^>  collecbng  pipci   y,  hookt;   K,  deliveiy 
[npe;  L,  dkcharge  pipe  for  water. 

There  are  ii  press  plates;  the  cakes  are  trapeziform,  about 
19  inches  long,  and  <)%  and  7  inches  wide,  and  are  placed  be- 
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tween  the  11  plates  at  distances  of  about  2%  inches  in  the 
clear. 

The  greatest  pressure  exerted  upon  the  cakes  is  440  pounds 
per  0.155  square  inch. 

The  entire  operation  consumes  fifteen  minutes,  six  of  which 
are  required  for  filling  and  emptying. 

The  greatest  pressure  in  the  cylinder  is  280  atmospheres ; 
this  pressure,  with  a  ram  diameter  of  twelve  inches,  being  equal 
to  454,000  pounds. 

Pan  presses. — A  press  with  separate  round  press-pans  is 
illustrated  by  Figs.  1 10  and  1 1 1 . 

The  bottom  of  the  pan  E  is  covered  with  a  perforated  sheet- 
iron  plate,  beneath  which  gutters  lead  to  a  concentric  collecting 
gutter  Fy  from  which  the  discharge  pipe  G  leads  to  the  collect- 
ing pipe  H. 

The  pans  are  so  shaped  that  the  lower  massive  part  of  one 
pan  fits  into  the  cavity  of  the  one  below. 

Before  pressing,  the  pans  E  are  suspended  to  the  head  by 
means  of  the  hooks  J,  They  are  conveyed  through  between 
the  four  drawing  rods  D^  being  lifted  from  the  hooks,  to  which 
they  return  after  the  operation  is  finished  and  the  discharge  of 
the  press  water. 

The  delivery  pipe  K  and  the  discharge  pipe  L  are  jointed  to 
the  press-cylinder,  each  pipe  being  provided  with  a  stop-valve. 

There  are  seven  pans,  each  0.31  inches  deep.  The  meal  is 
pressed  together  to  j^  of  its  original  volume,  with  a  pressure 
of  330  pounds  per  0.155  square  inch,  while  the  greatest  water 
pressure  in  the  cylinder  is  equal  to  250  atmospheres. 

Inclusive  of  five  minutes  for  charging  and  emptying  the  pans, 
the  operation  is  finished  in  fifteen  minutes. 

Ehrhardf  s  patent  press, — A  similar  principle  of  one  pan  be- 
ing always  a  guide  for  the  next  one  is  made  use  of  by  M.  Ehr- 
hardt  in  his  patent  press.  Figs.  112,  113,  1 14  and  115. 

This  press  is  constructed  in  accordance  with  the  knowledge 
derived  from  experience,  that  the  method  of  pressing  all  the 
cakes  in  one  box  is  less  advantageous  than  pressing  each  cake 
by  itself  in  a  special  pan. 
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The  pans  are  movable  laterally,  so  that  while  one  set  is  sub- 
jected to  pressure,  another  set  is  filled  and  inserted  after  re- 
moval of  the  first  by  pushing  it  aside. 


S  PATENT  PRESS.      SECTION  T 

^,  cylinder;  B,nm;  Cwatet-pipei  Z>,  head;  £,  connecting  rods;  ^,  Etandards;  C, 
preis-stamp;  7  //,  di»charge  pipes  for  oil;  A",  slide  bars;  L,  preas-pana;  Af,  ring 
or  the  press  pans;  .V.segmenls;   0,  strainer;   /",  strap;   0,  screw  for  emptying  ai- 

rangemcnt;  X,  hooks. 

The  press  consists  of  the  cylinder  A  with  the  ram  B  and  the 
water-pipe  C.  The  head  D  is  connected  with  the  cylinder  by 
four  wrought-iron  rods  E. 
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Two  cast-iron  standards  support,  upon  equidistant  projec- 
tions, the  press-stamps  G,  which  have  grooved  surfaces  and  a 
gutter  in  which  the  oil  collects.  The  oil  runs  through  the 
small  pipes  H  to  the  lowest  stamp  G,  from  which  it  is  con- 
veyed through  the  pipe  7  into  vessels. 

FIG.113. 


The  stamps  are  guided  by  the  rods  E. 

The  lower  part  of  each  stamp  G  is  provided  with  two  slide 
bars  K  lor  the  guidance  of  the  two  press-pans  L  belonging  to 
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the  stamp  next  below.  Each  press-pans  consists  of  a  wrought- 
iron  ring  M  with  two  segments  A'' fastened  to  it.  The  free 
inner  side  of  these  segments  forms  the  longitudinal  inner  side 
of  the  actual  press-pan  L  containing  the  seed-meal.  Below, 
the  segment  is  provided  with  a  nose- like  projection  upon  which 
rests  loosely  the  strainer  O  of  the  pan  L. 

When  the  press  ascends,  each  stamp,  by  being  lifted  from  its 
support,  forces  the  strainer  immediately  above  it  upwards, 
thereby  effecting  the  expression  of  the  seed,  which  is  placed 
directly  in  the  pan  without  the  intervention  of  mats. 

As  previously  stated,  two  pans  belong  to  each  stamp.  As 
soon  as  the  pressing  is  finished    the  pan  under  the   press   is 


pushed  outward  and  the  one  on  the  opposite  side,  which  has 
in  the  meanwhile  been  charged,  inserted. 

The  press  cake  is  removed  from  the  pan  by  the  broad  head 
of  the  screw  Q,  movable  in  the  strap  P.  The  latter  is  sup- 
ported by  two  hooks  Ji  fastened  to  the  slide  bars,  so  that  it  can 
readily  be  placed  in  position. 

The  preparatory  presses  with  4  plates  and  8  pans,  with  an 
ordinary  pump  with  a  pressure  of  250  atmospheres,  admit  of  8 
expressions  per  hour,  and  with  accumulators,  of  ten. 
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By  the  second  pressure  with  6  plates  and  1 2  pans,  48  to  60 
cakes  are  produced  per  hour. 

This  second  pressure  has  the  great  advantage  that  the  cakes 
leave  the  press  completely  finished,  /'.  e.,  with  sharp  edges,  and 


^ 


do  not  require  trimming,  as  is  necessary  with  all  other  presses 
where  the  meal  is  placed  in  bags  or  cloths. 

Horizontal  presses. —  Horizontal  hydraulic  presses  must  be 
provided  with  a  special  arrangement  to  reconduct  the  ram, 
which,  in  vertical  presses,  returns  by  its  own  weight  after  the 
discharge  of  the  press  water. 

The  return  of  the  ram  can  be  effected  by  counter-weights, 
but  is  better  accomplished  by  a  second  small  press — the  so- 
called  counter- press.  This  arrangement  is  illustrated  by  Figs. 
II 6,  117  and  i  iS. 

Fiu.  116. 


To  return  the  ram  B  after  pressure  to  the  lowest  stroke,  the 
counter  press,  which  is  guided  straight  by  two  wrought-iron 
stays  F,  is  connected  with  the  ram  by  the  drawing  rods  E. 
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By  means  of  a  double  stop-cock  the  water  required  for  pres- 
sure can  be  conducted  into  the  counter  press  or  into  the  regular 
press. 


A,  cylinder  of  the  preui  3,  ram  of  tbr  preu;  C,  cylinder  of  counter  press;  D,  rem 
ofwme;  £,  drawing  rods;  £,  itayi;  C,  itt^vftWei  //,  head;  7,  connecting 
beam*;   A',  cake  chamber;   ^  groove  in  cake  chamber ;  ^Z,  safety-valve. 

The  head  //  is  not,  as  in  vertical  presses,  connected  with  the 
cylinder  by  rods,  but  by  cast-iron  beams  y,  the  upper  surfaces 
of  which  form  the  working  table,  while  the  lower  rest  upon  the 
foundation. 
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These  beams  y,  the  cylinder  A,  and  the  head  H,  are  cast  in 
one  piece.  In  the  head  is  a  hole  for  the  introduction  of  the 
drill  in  boring  out  the  cylinder,  which  is  afterwards  filled  up  by 
an  iron  plug.  The  piston  is  guided  in  the  groove  L  in  the 
cake  chamber  K.  The  latter  hangs  by  projecting  ledges  to 
the  upper  surface  of  the  beam  J ;  brackets  screwed  to  7  catch- 
ing on  each  side  into  the  interspace. 

Now  the  ram  B  is  connected  with  the  ram  D  by  the  drawing 
rods  E.  If,  therefore,  after  completed  pressure,  the  water  is 
conducted  into  the  counter  press,  the  ram  D  draws  back  the 
ram  B  by  means  of  the  drawing  rods  E. 

Fic.  119.  Fig.  120.  Fic.  121. 


Profiit.  Stciion.  valve,    section  through  valves  D~C. 

Figs.  1 19  and  120  show  the  press  plates  in  profile  and  sec- 
tion ;  each  series  of  three  plates  being  connected  by  leather 
couplings. 

In  order  to  properly  conduct  the  water  from  the  injecting 
pump  alternately  into  the  cylinder  of  the  oil-press  and  into  the 
counter-press,  an  arrangement,  as  shown  in  Figs.  121,  122,  and 
123,  is  required. 

A  valve  box  with  four  valves  is  placed  in  the  horizontal  press 
or  in  the  pump  box. 
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Four  pipes  enter  the  valve  box ;  F  is  the  pressure  pipe  which 
conducts  the  water  from  the  injecting  pipe,  and  G  the  discharge 


SECTION  THROUGH  VALVES  B—D. 

4,  vtlvc  box;  B,  C,  D,  E,  valve*;  F,  press  pip«;  G,  dttcb*rg«  pipe;  H,  conduit  \o 
oil  ptCM;  ^,  Gondnit  to  counter  press;  K,L,  bores  in  the  nWe  box  A ;  iV.colninD 
with  screw;  X,  h*nd  levet;  O,  handle;  P,  columns;  Q,  lever;  R,  S,  shoulders. 


pipe  for  water  used.     The  pipe  H  leads  to  the  oil  press,  and 
the  pipe  7  to  the  counter  press. 
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The  pipes  F  and  G  communicate  by  the  bores  K  and  Z. 
The  opening  and  closing  of  the  valves  are  effected  above  the 
cross  by  the  column  M  provided  with  a  screw,  which  stands  in 
the  centre  of  the  valve  box.  The  hand  lever  N  can  be  loosely 
turned  around  the  screw,  and  also  pushed  up  and  down,  the 
thread  of  the  screw  being  besides  provided  with  the  handle  O, 

Between  the  valves  are  two  other  columns  P,  which,  by 
catching  the  valve  rods,  can  raise  them  up  or  press  them  down. 

In  the  illustration  the  hand  lever  N  is  so  placed  that  it 
presses  down  the  lever  Q  on  each  end,  whereby  the  valves  B 
and  C  are  closed  and  the  valves  D  and  E  opened. 

The  hand  lever  N  is  pressed  down  by  screwing  down  the 
handle  O. 

In  this  position  the  water  coming  from  the  pump  runs 
through  F  over  the  closed  valve  C,  and  through  the  open  valve 
E^  and  through  the  pipe  H  into  the  cylinder  of  the  press. 

At  the  same  time  the  water  escapes  from  the  counter  press 
through  the  pipe  y,  passes  through  the  open  valve  D,  and  runs 
off  through  the  discharge  pipe  G, 

To  draw  back  the  ram  of  the  press  after  completed  pressure 
by  means  of  the  counter  press,  the  handle  O  is  loosened  and 
the  lever  N  placed  upon  the  other  two  levers  and  pressed  upon 
them  by  screwing  down  the  handle  (7,  whereby  the  valves  D 
and  E  are  closed  and  the  valves  B  and  C  opened. 

The  water  passes  now  directly  from  the  pump  through  the 
pipe  y  and  the  open  valve  C  into  the  counter  press,  while  the 
water  from  the  oil  press  flows  back  through  the  pipe  H  and 
the  open  valve  B  to  the  discharge  pipe  G. 

Now,  suppose,  by  a  mistake,  the  position  of  the  valve  were 
incorrect,  and  the  stroke  of  the  counter  press  not  limited,  there 
would  be  danger  of  the  breaking  of  the  connecting  rods  of  the 
cam  and  of  those  of  the  press. 

To  prevent  this  a  safety-valve,  Fig.  124,  is  provided.  It  is 
placed  in  a  shoulder  of  the  cylinder  of  the  counter  press.  In 
the  shoulder  is  a  bore  hole  B,  with  another  bore  hole  C  verti- 
cal to  B.  B  is  closed  as  far  C  by  a  screw,  while  the  valve  D 
is  placed  in  the  bore  hole  C 
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The  valve  D  is  pressed  upon  its  seat  by  the  weighted  lever  E^ 

A  bent  arm  is  connected  with  one  of  the  connecting  rods. 

By  a  progressive  movement  of  F  the  bent  part  of  G  lifts  the 

lever  E  by  being  pushed  against  it,  whereby  the  valve  is  raised 

Fig-  124. 


SECTION  THROyCH  THE  SAFETY-VALVE, 

A^  cylinder  of  the  counter   press  B;  B,  C,  bore  holes;   Z),  valve;  E^  lever  with 

weight ;  F^  connecting  rod. 

by  the  water  pressure  prevailing  in  the  cylinder  A^  so  that  the 
press  water  is  discharged  before  the  ram  of  the  counter  press 
has  reached  the  end  of  its  stroke. 

Continuous  oil  presses, — The  first  continuous  oil  press  was 
constructed  in  1856,  by  Bessemer  &  Heywood,  of  London, 
but  for  some  reason  or  another  was  not  introduced  in  prac- 
tice. In  1883,  F-  Miiller,  of  Esslingen,  patented  a  similar 
press,  based  upon  the  same  principle.  The  seed-meal  falls 
continuously  through  a  hopper  into  a  horizontal  pipe  in  which 
a  piston  moves  backward  and  forward.  By  the  forward  stroke 
of  the  piston  the  seed-meal  is  forced  into  a  perforated  horizon- 
tal pipe  of  somewhat  larger  cross-section  than  the  first  pipe, 
while  by  the  back  stroke  more  seed-meal  is  introduced,  the 
process  being  repeated  until  expression  is  finally  effected. 

Figs.  125  and  126  show  the  arrangement  of  Miiller's  con- 
tinuous press  according  to  the  patents  which  have  now  expired. 

In  the  cylinder  A  the  piston  B  is  moved  to  and  fro  by  direct 
steam  or  water-pressure.     On  the  cylinder  A  is  the  hopper  C 
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with  the  pipe  D,  in  which  can  be  inserted  the  shde  E.  The 
lower  side  of  the  cylinder  is  correspondingly  provided  with  the 
pipe-joint  Fand  the  slide  G.  The  seed-meal  introduced  into 
the  hopper  is  forced,  after  the  valve  H  is  lifted,  by  the  piston 
L  into  the  perforated  pipe  /,  which  is  bent  upwards  at  K  and 
there  closed  by  the  piston  L.  The  piston  is  loaded  with 
weights,  and  the  pressure  of  these  weights  has  first  to  be  over- 
come before  the  piston  is  lifted  and  the  aperture  A''  for  empty- 
ing the  pipe  is  opened.    In  the  pipe  /,  the  seed-meal  is  subjected 

Fig.  125. 


F.  uiJLLER'S  CONTINUOUS  PRESS. 

^,  cylindei;  ^,  piston;  Chopper;  A  pipe;  £,  slide;  ^,  pipe  joints;  (7,  slide;  H, 
valve;  /.perforated  pipe;  Z,  piston;  ^/,weigfats;  jV,  disdlaige  aperture ;  (7,  piston 
lod;  />/>,  slide  tods. 

to  such  a  Strong  pressure  as  to  force  the  oil  through  the  per- 
forations. 

When  the  greatest  pressure  in  /  has  been  attained,  the  aper- 
ture N  opens  by  the  piston  L  moving  upwards,  and  the  ex- 
pressed material  falls  out.  Hence,  over-pressure  in  /  is  not 
possible,  or  at  least  cannot  be  communicated  to  the  cylinder^, 
since  it  would  close  the  valve  H.  Of  great  importance  is  the 
reversing  of  the  slides  E  and  G  by  the  machine  itself,  it  being 
accomplished  in  the  original  arrangement.  Fig.  125,  by  the 
slide  rods  P  P  from  the  piston  rod  0,  the  latter  engaging  the 
lower  slide-rod  P.     By  the  back  stroke  of  the  piston  B,  E  is 
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drawn  back ;   hence  D  is  open  while  G  is  pushed  into  the 
pipe  F. 

Fig.  1 26  shows  a  more  recent  arrangement  for  reversing,  by 
which  the  press-cylinder  A  can  be  turned  around  a  point  C.  By 
the  piston  B  passing  to  and  fro  an  oscillating  motion  is  given  to 
the  cylinder  A.  The  piston  B  can  be  turned  around  the  point 
D,  and  is  secured  to  the  crank  E,  which  derives  its  impetus 
from  the  machine.     In  the  cylinder  A  are  secured  the  slides 


F.  MULLER's  CONTINUOIIS  PRESS. 

.^,  pren-cylinderi  A,  piitoQ;   C,  ^i  turning  pointi;  £,  crmnk;  /',/',  ilideii   (7,  do- 
charge  aperture;   //,  hopper. 

F,  P.  With  the  back  stroke  of  the  piston  B,  the  cylinder  moves 
so  that  the  slide  P  closes  the  discharge- aperture  G,  while  the 
mouth  of  the  cylinder  is  brought  into  communication  with  the 
hopper  H.  With  the  forward  stroke  of  the  piston  the  position 
is  reversed. 

Pumping  Machinery. — This  forms  the  other  essential  por- 
tion of  hydraulic  presses. 

Figs.  127  and  12S  show  pumping  machinery  with  two  pumps, 
according  to  A,  Rigg. 
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Upon  the  shaft  A,  on  the  side  of  the  pump  frame  N,  sit  the 
loose  and  fast  pulleys  S  and  C  for  the  transmisson  of  motion 
from  the  principal  shaft.  Upon  the  shaft  F,  which  is  put  in 
motion  by  cog-wheels  D,  E,  sit  two  cranks  which  move  the 
piston. 

Fig.  127.  Fee.  laS. 


A,  shaft;  B,  C,  looK  uid  laM  pulleys  1  D,  E,  cog-wheels;  F,  crankshaft;  G,  cranks; 
//,  frame;  y,  lid;  K,  pumps;  Z,  suction  head. 

The  frame  H  is  made  in  the  form  of  a  box  and  serves  as  a 
reservoir,  from  which  the  pump  takes  the  water  by  means  of 
the  suction  heads  L.  The  box  is  filled  after  removal  of  the 
lid  7. 

Figs.  [  29,  1 30,  and  131,  show  the  details  of  the  above  pump- 
work. 

The  piston  B  runs  in  a  brass  stufling  box  with  leather  pack- 
ing. On  the  lower  end  of  the  cylinder  is  the  bucket  C,  which 
contains  the  suction  valve  D. 

To  E  is  screwed  the  pipe  conduit  leading  to  the  press;  F  is 
VOL.  1 — 19 
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the  delivery  valve.  On  the  conduit  C?  is  a  safety-valve  which 
is  pressed  upon  its  conical  seat  by  the  lever  y  tumable  in  the 
eye  ff,  and  a  weight  not  shown  in  the  illustration. 

Fig.  1*9,  Fig.  130. 


i  V 


■now  OF  y  y. 

A,  prcM  cylinder;  B,  pirton;  C,  bucket;  D,  »nction  vilre;  E,  delivery  pipe  conduit; 
F,  delivery  valve;  G,  conduit;  If,  turning  eye  of  the  lever;  y,  lever;  K,  safety- 
valve;  L,  ditcharge  pipe. 

But  little  power  being  required  in  the  early  part  of  the  opera- 
tion, on  account  of  the  slight  resistance  offered  by  the  meal,  the 
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piston  is  forced  upward  with  comparative  velocity  by  operating 
both  pumps.  But,  as  the  resistance  becomes  greater  the  more 
the  meal  is  pressed,  the  large  pump  is  stopped  and  the  opera- 
tion continued  with  the  small  one  alone.  By  these  means  the 
piston  is  raised  slowly,  but  with  an  increased  pressure. 

To  prevent  the  pressure  from  exceeding  a  definite  maximum 
each  pump  is  provided  with  a  safety-valve  K ;  should  the  pres- 
sure become  too  great  in  the  cylinder  or  any  of  the  conduits, 
the  water  will  finally  overcome  the  weight  J  and  raise  the 
valve.  Sufficient  water  then  escapes  through  the  discharge 
pipe  L  to  restore  the  normal  pressure,  after  which  the  weight 
presses  the  valve  back  into  its  seat. 

Pumping  machinery  with  eight  pumps  for  eight  vertical  presses 
is  shown  in  Figs.  132  and  133.  The  eight  pumps  lie  in  a  cast- 
iron  box,  and  are  suspended  to  two  beams,  four  on  each  beam. 
The  two  beams  are  set  in  an  oscillatory'  motion  from  the  princi- 
pal gearing,  so  that  one-half  of  the  active  pumps  suck  while 
the  other  exert  pressure,  the  working  resistance  of  the  pump- 
ing machinery  being  thus  approximately  constant.  A  power 
of  about  10.6  horse-powers  is  required. 

The  pumps  with  a  reservoir  in  common  are  provided  with 
self-acting  disengaging  contrivances  so  arranged  that  the  total 
resistance  is  as  little  variable  as  possible. 

The  time  of  pressure  is  divided  in  four  periods,  all  the  eight 
pumps — of  which  there  are  four  larger  ones  with  a  piston- 
diameter  of  1.96  inches,  and  four  smaller  ones  with  a  piston- 
diameter  of  1.37  inches — being  at  first  set  to  work.  The  max- 
imum pressure  amounts  to  280  atmospheres,  the  pressure 
exerted  during  the  first  period  being  up  to  46.6  atmospheres ; 
during  the  second  period  up  to  70.0  atmospheres ;  during  the 
third  period  up  to  140.0  atmospheres. 

The  first  period  of  pressure  lasts  48  seconds,  the  second  46, 
the  third  205,  and  the  fourth  241  ;  together  540  seconds  =  9 
minutes. 

One  smaller  and  one  larger  pump  have  together  one  delivery- 
pipe,  the  four  delivery-pipes  passing  into  a  collecting  box. 
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Figs.  134  and  135.     From  the  collecting  box  G  eight  delivery 
conduits  lead  to  the  eight  vertical  presses  worked  by  this  pump- 


puMPiNc  HACHiNBRv  wrrH  8  pumps,    view  and  section. 

ing  machinery.  The  collecting-box  is  provided  with  two  safety- 
valves  A"  with  the  weights  L. 

The  self-acting  disengaging  contrivance  of  the  pumps  is  ar- 
ranged as  shown  in  Figs.  136  and  137. 

Upon  one  end  of  the  lever  R,  which  rests  in  the  reservoir  F, 
and  is  suspended  to  the  fulcrum  5  like  the  beam  of  a  balance, 
presses  the  weight  M ;  in  about  the  center  of  the  lever  sits  the 
suction  valve  P,  while  on  the  other  side  the  lever  is  further  sus- 
pended to  a  closely- fitting  piston  O. 
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A.  beam;  B,  beain-beuingi  C,  column*;  D,  to  D„  the  (our  laj^r  pumps;  E,  to  B^ 
the  four  smaller  pomps;  F,  teBervoir;  C,  collecting  reservoir;  K,  safety-valves;  Z, 
weights  o(  safety-valves;  M,  to  ^f^,  weights  of  the  disengaging  contrivance  o(  the 
larger  pumps;  N,  to  N,,  weights  of  the  disengaging  contrivance  of  the  imalleT 
pumps. 

Fro.  134.  Fk:.  135- 


§^^ 


COtXECTING-BOX  OF  PUMPING  MACHINESV. 

Longittidittal  setlion  IkTuugh  thi  ctttirt,  Craa  lection. 

F,  reservoir;    G,  collecting-box;  If,  delivery  pipes  to  the  collecting-box;  y,  delivery 
pipes  to  the  presses;  /T,  safety-valve. 
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Ste/ien  ihreugh  Iht  etnler. 
Fig.  137. 


SeclitH  in  the  diriction  ofX  X. 

PUMFS  WITH  SELF-ACTING  DISENGAGING  CONTRIVANCK. 

A  lu^cr  pump;  f,  smtllM  pumpi  ^,  reiervoir;  //',  delivery  pipe  lo  the  collectins- 
bm;  *M,  weight*  for  diMDgiging  the  larger  pomp;  O,  piston  of  the  diiengaging 
contrivKDcei  /",  auction  valve;  Q,  deliver;  valve;  ^,  Lever  j  5,  fulcrum  of  lever. 
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If  now  the  pressure  in  the  pump  becomes  so  great  as  to 
force  the  piston  O  down,  the  lever  R  goes  up  and  lifts  the 
weight  M  as  well  as  the  suction  valve  P,  the  latter  remaining 
open. 

Thus  the  pump  sucks  and  forces  the  sucked  water  through  ^ 
the  open  valve  P  back  into  the  reservoir ;  the  delivery  valve  Q 
remaining  thereby  closed,  so  that  the  pump  cannot  produce 
any  further  effect. 

Since  the  smaller  pumps  are  disengaged  only  at  a  higher 
pressure,  another  lever-gearing  is  provided,  for  which  smaller 
weights  are  to  be  used. 

The  weights  are  so  calculated  that  the  pumps  Ei  and  E^  are 
disengaged,  next  Ez  E^y  and  D^  Z?„  while  the  pumps  D^  and  Da 
work  finally  alone  with  a  maximum  pressure  of  280  atmos- 
pheres. 

Fig.  138  exhibits  the  Smith- Vaile  Duplex  Hydraulic  Pressure 
Steam  Pump,  with  automatic  governor  and  regulator. 

This  pump  has  the  improved  duplex  valve  connections,  with 
outside  connected  double  acting  plungers  for  the  water  end, 
and  external  adjustable  packing  glands  for  the  plungers,  which 
are  readily  renewed.  The  valve  boxes  are  made  of  gun  metal 
and  the  plungers  of  steel.  It  is  a  desirable  form  of  steel  pump 
for  operating  hydraulic  presses,  as  its  action  is  positive  at  an 
increasing  pressure,  or  in  maintaining  an  even  pressure.  When 
desired  it  is  arranged  to  automatically  maintain  any  required 
pressure,  stopping  when  the  limit  is  reached,  and  starting  as 
soon  as  the  pressure  falls. 

By  its  use  the  maximum  working  pressure  and  the  accumu- 
lation of  pressure  is  absolutely  controllable  by  the  manager  or 
engineer. 

Automatic  safety  arrangements ^  which  disengage  the  hydraulic 
presses  after  the  attainment  of  the  maximum  pressure,  allow  of 
this  limit  being  reached  for  a  moment  only,  after  which  the 
press  ceases  to  act.  Though  the  meal  continues  to  be  some- 
what compressed  by  the  ram  still  ascending,  the  pressure  in 
the  cylinder  will  considerably  decrease  as  the  pump  stops  to 
bring  fresh  water. 
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Fig.  138. 


MANNER   OF  OBTAINING   FIXED   OILS.  297 

It  is,  however,  desirable  to^expose  the  meal  to  the  highest 
pressure  for  some  time  in  order  to  express  as  much  oil  as 
possible. 

Fig.  139. 


E   REGULATOR, 

A,  cylinder  of  the  regulatori  fi,  regnl&tor  piiton;  C,  flange  for  failenine  to  the  de- 
livery pipe;  D,  cylinder;  (£■,  piston;  /",  saction  valve;  G,  suction  pipe  with 
bucket;  //,  delivery  valve;  %  safety-valve;  A',  crank  rod  of  presa-pnrop;)  Z, 
levee;  iV,»heath;  A',  weights;  O,  lever  of  the  regulator;  /".shad;  0,  eccentric; 
X,  quadrant  with  chftin;  S,  lever;  T,  weight;  T,,  7'„  position*  of  weight;  (/, 
stuffing  box  for  the  reijnlator  piston  ■ 
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For  this  a  safety-valve,  shown  in  Figs  139  and  140,  and  ar- 
ranged in  the  following  manner,  is  used. 

In  the  delivery  pipe  of  the  cooperating  pumps,  if  several  are 
used  at  the  same  time,  is  screwed  a  cylinder  A  with  the  piston 
B  through  the  flange  C. 

D  represents  one  of  the  pump  cylinders,  E  the  piston  be- 
longing to  it,  F  the  suction   valve,  G  the  suction    pipe   with 

FtG.  140. 


bucket,  H  the  delivery  valve,  and  J  the  safety-valve.  The 
crank  rod  K  moves  the  piston. 

The  safety-valve  J  stands  upon  the  leverZ,  which  rests  upon 
M,  and  to  the  long  arm  of  which  are  suspended  the  weights  N. 

The  weights  are  so  calculated  that  they  keep  the  safety-valve 
in  its  seat  as  long  as  the  maximum  of  the  water  pressure  is  not 
reached  in  the  delivery  pipe  and  the  press.  The  weights  arc, 
however,  also  suspended  to  one  arm  of  the  lever  O,  the  other 
arm  being  provided  with  a  pulley. 
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A  shaft  P  carrying  an  eccentric  Q  for  each  pump  and  a 
quadrant  R  rests  in  standards.  To  R  is  suspended  a  chain, 
the  other  end  of  which  catches  into  a  hook  in  the  piston  B. 

To  the  shaft  is  firmly  attached  a  lever  5  (not  shown  in  the 
illustration)  with  the  weight  T,  The  piston  B  runs  in  the 
stuffing  box  U, 

With  an  increase  of  pressure,  the  piston  B  ascends,  which 
causes  the  quadrant  R  to  turn,  and  the  weight  T  ascends  from 
T  to  7i,  whereby  the  eccentrics  are  also  turned. 

If,  for  instance,  two  pumps  are  coupled,  and  one  is  to  be 
disengaged  before  the  other,  the  eccentric  belonging  to  the 
first  pump  is  so  wedged  upon  the  shaft  P  as  to  press  down  the 
pulley  of  the  lever  0,  thus  raising  the  weight  N  when  the 
weight  T  has  ascended  to  7",. 

The  eccentric  of  the  second  pump  is  so  wedged  upon  the 
shaft  that  the  weight  N  belonging  to  it  is  disengaged  when  the 
weight  T  has  reached  T^. 

Now  as  soon  as  the  weight  -A^  is  raised  by  an  eccentric,  the 
safety-valve  is  opened  by  the  pressure  in  the  delivery  pipe,  and 
the  respective  pump  is  disengaged.  By  this  the  piston  B  falls 
down  and  replaces  in  the  press  as  much  water  as  it  forces  out 
of  the  cylinder  Ay  thus  keeping  up  the  maximum  pressure. 

In  this  manner  the  pump  is  also  re-engaged,  because  the 
weight  N  closes  the  safety-valve,  and  the  pump  can  again  con- 
vey water  through  the  delivery  pipe  previously  closed  by  the 
delivery  valve. 

The  regulator  piston  B  acts  therefore  automatically  by  re- 
placing water  in  the  press,  thus  keeping  up  the  pressure. 

Accumulators,  To  keep  up  a  constant  pressure  in  the  press 
accumulators.  Figs.  141  and  142  are  used. 

In  a  tall  cast-iron  cylinder  A  moves  water-tight  a  piston  5, 
while  a  second  cylinder  C,  which  can  easily  slide  up  and  down 
on  Ay  carries  a  number  of  weight -disks  D.  A  cross-head  is 
fastened  upon  the  piston  B^  and  to  it  are  suspended  three  rods 
F,  which  pass  through  the  weights  D  and  are  fastened  to  the 
cylinder  C. 
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Hence  the  piston  in  ascending  draws  up  the  cylinder  C  and 
the  weights  D. 

The  apparatus  is  inserted  between  the  injecting  pump  and 

Fig.  141. 


.^,  inner  cylinder;  a,  p 
bead;  /",  connecting 


Gnmnd-plaH. 

a  III  A;    C  water  cylinder;    £>,  we'gl>t-di»k»;    E,  crow- 
>:    G,  pipe  from  the  pump;  fi,  pipe  lo  Ihe  pn^Bes;  y. 
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the  hydraulic  press,  so  that  the  water  coining  from  the  first  is 
conducted  through  the  pipe  G  into  the  cylinder  A^  and  then 
through  the  pipes  H  into  the  cylinder  of  the  respective  working 
press. 

If,  therefore,  the  pressure  of  the  water  coming  from  G  ex- 
ceeds the  weight  of  the  disks  Z?,  the  cylinder  C,  the  piston  -5, 
the  cross-head  E^  and  the  rods  /%  it  will  raise  the  entire  weight ; 
but  if  the  total  weight  be  larger  than  the  water  pressure,  the 
piston,  with  its  load,  will  sink. 

The  weights  act  as  regulators  by  exerting  a  constant  pres- 
sure upon  the  water,  because  every  pressure  exerted  by  the 
pump  and  not  absorbed  by  the  press  reaches  the  accumulator 
as  pumped-in  water  and  lifts  the  total  weight,  while  the  latter, 
in  case  more  pressure  is  consumed  by  the  press  than  furnished 
by  the  pump,  again  exerts  pressure  by  sinking  down. 

When  the  piston  B  reaches  its  highest  stroke,  the  press 
water  is  discharjged  through  a  hole  on  the  lower  end  of  B  with- 
out causing  any  injurious  effect. 

To  disengage  the  pump  after  the  attainment  of  a  certain 
height  by  the  accumulator  weight,  a  shoulder  of  the  cross-head 
pushes  against  the  weight  J^  suspended  to  a  cord.  The  cord 
is  connected  with  the  suction-valve  of  the  pump,  so  that  when 
the  cross-head  E  pushes  against  the  weight  y,  thereby  lifting 
it,  the  cord  unshackles  the  valve,  thus  stopping  the  pump. 

If  the  total  weight  of  the  disks  D,  cylinder  C,  piston  By  cross- 
head  £",  rods  F  is  3300  kilogrammes,  and  the  cross* section  of 
thepiston  =  33  square  centimetres,  the  press  belonging  to  it 
will  receive  a  constant  pressure  of 

_33^  s=B  100  kilogrammes  per  square  centimetre, 
33 

or,  as  a  pressure  of  one  kilogramme  per  square  centimetre  cor- 
responds to  that  of  one  atmosphere,  the  constant  pressure  in 
the  press  will  be  100  atmospheres. 

By  varying  the  number  of  the  disks  D  this  pressure  can  be 
decreased  or  increased. 
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Besides  by  weights  in  the  manner  described,  a  constant  pres- 
sure can  also  be  obtained  by  an  air  reservoir  in  which  the  air 


ACCUMULATOR  ARRANGEMENT,  BARTLETI  S  PATENT.      SIDE  VIEW. 

A,  anchor  bolts;  S.  connectiDg  pipes;  C,  locking  icrewt;  D,  conduit  from  the  pump; 
£,  direct  conduit  to  the  press;  F,  conduit  from  the  accutmilBtor  to  the  pren;  G, 
presi  cylinder. 
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is  compressed  by  the  water  from  the  pump.     The  compressed 
Fig.  144. 


air  acts  then,  as  in  the  air  chamber  of  a  pump,  as  a  regulator, 
since,  by  an  augmentation  of  the  water  pressure  by  an  increase 
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of  the  power  introduced  into  the  pump,  this  water  pressure  is 
utilized  to  further  compress  the  air.  By  this  operation  the 
overpressure  is  therefore  utilized  without  an  unnecessary  and 
dangerous  demand  on  the  press. 

If,  as  is  generally  the  case,  these  air  reservoirs  form  a  special 
apparatus,  they  must  be  provided  with  a  manometer  constantly 
showing  the  pressure  of  the  air,  and  a  safety-valve  which  opens 
when  the  air  is  too  strongly  compressed,  and  decreases  the 
pressure  by  allowing  the  air  to  escape. 

H.  J.  Bartlett,  of  New  York,  has  patented  an  arrangement 
(Figs.  143  and  144)  by  which  the  accumulator,  being  directly 
connected  with  the  press,  is  very  much  simplified. 

The  anchor  bolts  A  of  the  hydraulic  press  are  hollow  and 
together  form  the  air  chamber.  They  are  connected  with  each 
other  by  the  pipes  B^  which  are  provided  with  cocks. 

The  bolts  are  of  wrought  iron  and  closed  on  both  ends  by 
screws  C, 

The  press-water  comes  through  the  pipe  D  from  the  pump, 
and  can  also  be  directly  conducted  into  the  press  through  the 
pipe  E, 

From  the  accumulator  pipes  the  water  then  enters  the  press 
cylinder  G  through  the  pipe  /^  Each  bolt  must,  of  course,  be 
provided  with  the  above-mentioned  armature. 

Fig.  145  represents  the  Smith- Vaile  High  and  Low  Pressure 
Accumulator  System.  The  apparatus  consists  of  high  pressure 
and  low  pressure  weight  accumulators,  with  powerful  steam 
pumps  attached  and  arranged  with  automatic  regulating  device 
to  stop  the  pumps  when  the  pressure  has  reached  a  certain  de- 
sired limit.  By  using  this  system  the  hydraulic  presses  can  be 
operated  by  accumulator  pressure,  which  in  the  low  pressure 
accumulator  is  from  600  to  800  pounds,  and  in  the  high  pres- 
sure accumulator  is  about  3500  pounds.  The  chief  advantage 
of  the  accumulator  system  is,  of  course,  the  rapid  operation 
thereby  made  possible,  effecting  a  great  saving  of  time,  especi- 
ally in  the  working  of  the  press. 

Hydraulic  presses  without  pump-work, — ^The  old  hydraulic 
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presses  without  pump  are  so  constructed  that  a  large  vertical 
press  cylinder  is  connected  by  an  opening  with  a  smaller 
cylinder. 

Both  cylinders  are  provided  with  corresponding  small  rams 
and  filled  with  liquid,  which,  by  inserting  the  ram,  is  displaced 
and  acts  upon  the  large  ram. 

Fig.  146. 


MANIl-PRESS  WITHOUT  POMP, 

A.  ttxa  with  pres-plate;  B,  preu  vntcl;  C,  jacket;  D,  uppei  picM-pUle;  £,  cntik; 
F,  »Uy»;  C,  lever;  M,  nwnometer. 

Fig.  146  shows  a  hand-press  without  pump.  The  lower 
part  consists  of  two  cylinders  connected  by  a  tube  and  filled 
with  glycerin.     Both  cylinders  are  provided  with  well-packed 
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rams,  the  larger  of  which  A,  carries  the  press-plate.  Upon  the 
press-plate  stands  a  perforated  cast-iron  vessel  B,  which  holds 
the  meal  separated  in  layers  by  plates.  To  prevent  squirting 
the  jacket  C  is  placed  over  B.  The  upper  press-plate  D,  con- 
nected with  a  vertical  screw,  is  then  forcibly  brought  down  by 
the  lever  G,  whereby  the  pressure  of  an  ordinary  screw-press 
is  already  exerted.  But  the  principal  pressure  is  eiTected  by 
turning  the  crank  E  connected  with  the  lower  horizontal  screw, 
whereby  the  small  ram  is  forced  into  its  cylinder,  which  pro- 
duces a  tension  of  300  atmospheres  in  the  glycerin.  The  pres- 
sure, which  is  controlled  by  a  manometer,  is  transmitted  by  the 
vertical  ram  to  the  mass  to  be  pressed.  The  cake  is  removed 
from  the  press-box  by  suspending  the  latter  by  means  of  two 
loops  in  the  traverse  to  the  two  stays  F  and  screwing  down  the 
press-screw. 

To  exert  a  further  pressure  the  small  ram  is  entirely  with- 
drawn, the  press- plate  being  screwed  down  at  the  same  time. 
The  ram  is  then  again  forced  into  the  glycerin  until  the  mano- 
meter shows  a  pressure  of  300  atmospheres. 

This  mode  of  pressing  requires  much  time  and  is  not  suitable 
for  large  operations.  To  overcome  this,  Messrs,  Brink  and 
Huebner,  of  Mannheim,  Germany,  have  constructed  a  press  with 
two  or  more  cylinders  placed  on  the  side  of  the  large  cylinder. 

Figs.  147,  148,  and  149,  show  such  a  press  driven  by  a  belt. 

The  press-cylinder  Ay  ram  B,  and  head  C  are  connected  in 
the  usual  manner.  In  the  head  C  is  the  box  of  a  rectangular 
screw  D,  which  can  be  moved  by  hand  by  means  of  the  rods  E. 

The  arrangement  is  similar  to  that  of  a  box-press. 

Upon  the  driving  shaft  F,  Fig.  148,  sit  four  pulleys,  d  and 
Gi  for  forward  motion  and  //i  and  Ht  for  backward  motion,  Gi 
and  //i  being  .fast  and  Gt  and  //>  loose.  The  belts  are  shifted 
by  the  guide  y,  so  that  the  press  can  be  either  operated  or 
stopped. 

On  the  side  of  the  cylinder  A  are  two  smaller  cylinders  K 
and  Z,  with  diflferent  sized  pistons  S  and  T. 

Upon  the  shaft  F  sit  two  worms  M/  when,  by  means  of  the 
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small  hand-wheel  N,  the  coupling  0  is  engaged,  the  worms  M 
are  taken  along  by  the  shaft  by  means  of  friction  coupling,  and 
in  their  turn  revolve  the  worm-wheels  P,  and  these  forming  the 

Fic.  14J. 


A,  pre**  cylinder;  B,  nm\  C,  head;  D,  (crew  with  pro*  «tinp;  E,  rodi;  F,  drinng 
ihaft;  C„  G„  belt  pulleys  for  lorwud  motion;  ff„  H„  belt  pulleyi  foi  backward 
motion;  7,  belt  guide;  A",  Z,  imdl  cylinden>  M,  worm*;  N,  hand-wheel;  O, 
frictiOD  conpliDg;  P,  worm  wheeli;  Q,  R,  Krewi;  S,  T,  rami  of  the  imall  cylinden. 

nuts  of  the  screws  Q  and  R,  the  latter  are  moved  backward  or 
forward  by  the  revolving  of  P. 

By  the  forward  motion  the  rams  5  and  T  are  forced  into  the 
cylinders  K  and  L,  filled  with  a  liquid  (glycerin),  forcing  the 
latter  into  the  cylinder  A,  where  the  rams  with  the  box  con- 
taining the  meal  are  raised  and  pressed  against  the  press-stamp 
on  the  screw  D.  The  larger  ram  5  is  first  forced  in,  and  later 
on  the  smaller  ram  T,  to  withdraw  5.  The  screw  D  can  always 
be  regulated  by  E. 

By  the  small  hand-press  (Fig.  146)  a  pressure  of  about  220 
pounds  per  0.155  square  inch  is  exerted,  and  two  pressures  can 
be  made  in  one  hour. 

By  the  large  press  a  pressure  of  about  350  pounds  per  0.155 
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square  inch  can  be  obtained,  and  three  to  four  pressures  made 
in  one  hour. 

Press-cloths  and  Press -plates. 
The  material  used  in  the  manufacture  of  press-cloths  and 
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bags  should  be  capable  of  great  resistance,  and,  while  close 
enough  to  prevent  any  meal  from  penetrating,  allow  the  oil  to 
run  out  as  freely  as  possible ;  properties  not  readily  found  com- 
bined in  any  one  material. 
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The  most  suitable  materials  are  cotton,  sheep's  wool,  and 
horsehair. 

Figs.  1 50  and  151  give  a  side  and  top  view  of  a  press-bag. 
It  has  a  plate-shaped  bottom  with  a  stiff  edge,  while  the  upper 
portion  consists  of  overlapping  pieces,  which,  after  the  meal  is 
filled  in,  are  folded  over  each  other  as  shown  in  Fig.  106. 

Fig.  151. 


Fig.  150. 


PRESS-BAG.      SIDE  VIEW.  PRESS-BAG.      TOP  VIEW. 

The  press-plates  (Figs.  152  to  156),  between  which  the 
filled  bags  are  placed,  are  frequently  ribbed  to  promote  the 
running  off  of  the  oil  in  pressing.  These  ribs  penetrate  through 
the  press-cloth  and  give  to  the  oil  cake  the  ribbed  surface;  but 
the  bags  are  ruined  so  that  they  can  scarcely  be  used  for  an- 
other operation. 

C.  S.  Brittain  and  M.  Gandy,  of  Liverpool,  have,  however, 
patented  a  method  of  manufacturing  press-cloths  with  the  afore- 
mentioned ribs. 

Fig.  157  shows  two  sections  of  this  cloth  taken  from  different 
places. 

The  press-cloth  is  made  by  sewing  together  a  cloth  A,  of 
canvas,  and  one  B,  of  wool,  between  which  are  placed  ropes  C 
wrapped  with  cord  D,  thus  forming  on  both  sides  rib-like  ele- 
vations. 

Fig.  158  shows  a  press  cloth  with  elevations  on  one  side  only. 

It  is  made  by  sewing  together  the  cotton  canvas  cloth  A  and 
the  woolen  cloth  B.  The  elevations  are  formed  by  placing 
ropes  of  pressed  paper,  wood,  cord,  etc.,  between  the  cloths. 

After  filling  the  press-cloths  and  placing  them  between  the 
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Fig.  156. 


rKtss-axuH. 
A.  onvu  lma«;  B,  wool  or  bone-b>ir  ti 


plates,  the  latter  have  to  be  coupled  together.  This  was  form- 
erly etfected  by  chains  or  leather  straps.  But  the  first  have  the 
disadvantage  of  stretching  unequally,  so  that  cakes  of  difTerent 
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shapes  are  formed,  which  are  not  salable.  And  besides,  the 
links  of  the  chains  frequently  break  by  coming  under  the  press- 
plates  in  placing  the  bags  in  the  press,  and  they  are  difficult  to 
unfasten.  Leather,  when  used,  soon  becomes  spongy  by  the 
action  of  the  oil,  and  breaks. 

A  coupling  free  from  these  evils  is  shown  in  Figs.  159  and 
160. 


Fig.  159. 


Fig.  160. 


PRESS-PLATE  COUPLING, 
yif^'  Section, 

A,  form-plate;  B,  hinge;  C,  catch. 

To  the  form-plates  A  are  riveted  loops  to  which  are  fastened 
the  double-hinged  bands  B.  The  stroke  of  the  hinge  parts  is 
limited  by  the  catches  C,  the  object  of  which  is  to  prevent  the 
coupling  from  coming  between  the  plates  A  and  breaking  in 
pressing. 

In  order  not  to  lose  the  oil  retained  by  the  press-bags  they 
are  uninterruptedly  used  as  long  as  they  can  be  repaired. 
When  entirely  worn  out  the  oil  is  saponified  by  boiling  the 
bags  with  dilute  caustic  soda  lye. 
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Oil  Pump. 

To  convey  the  oil  from  the  collecting  reservoirs  into  barrels 

or  refining  reservoirs,  a  pump,  Figs.  [61  to   164,  is  used.     It 


A,  crank  ibaA;  B,  cnnL;  C,  D,  Ioom  and  fut  puUeyi;  E,  frame;  F,  fly-wbeel;  G, 
pomp;  /^, luctioD  pipe;  ^,  delivery  pipe ;  A",  pump  cylinder;  Z,  piilon;  ^.suc- 
tion valve;  N,  delivery  valve. 

can  be  worked  either  by  hand,  by  means  of  the  crank  B,  which 
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sits  upon  the  shaft  A,  or  by  a  belt  passing  over  the  fast  and 
loose  pulleys  C,  D. 

When  the  piston  L  moves  upwards,  the  pump  sucks  oil  from 
the  suction  pipe  H,  by  means  of  the  valve  M,  and  forces  it 
through  the  delivery  valve  A'^  into  the  delivery  pipe  J. 

Oil- cake  Breaker. 
For  the  second  pressure  the  oil-cakes  were  formerly  broken 
to  pieces  with  a  hammer  and  then  ground,  but  now  oil-cake 
breakers,  Figs.  165  and  166,  are  used  in  almost  all  mills. 

Fiu.  165. 


The  cakes  are  brought  through  the  hopper  between  the 
toothed  rolls  A  and  B,  each  of  which  is  provided  with  32  teeth, 
and  is,  independent  of  the  height  of  the  teeth,  about  jyi  to  8 
inches  in  diameter,  and  21  to  24  inches  long.  The  shafts  C 
and  D  are  placed  square  in  the  rolls,  C  being  elongated  and 
connected  with  a  drum,  whereby  32  revolutions  per  minute  can 
be  made.  On  the  opposite  side  of  the  drum  is  the  cog-wheel 
E,  which,  by  catching  into  the  cog-wheel  F,  sets  also  the  shaft 
D  with  the  roll  B  in  motion. 

The  cog-wheels  are  about  10  inches  in  diameter,  and  pro- 
vided each  with  24  cogs. 
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Carr's  disintegrator. — This  machine,  Figs.  167  and  i68,  in- 
tended for  comminuting  all  sorts  of  non-fibrous  material,  may 
also  be  used  for  breaking  up  press-cakes  from  the  first,  as  well 


X,  BREAKER.      OROUND-PLAN  WITMnOT  HOFPIUl. 

A  and  B,  toothed  roll*;  C»nd  D,iif.tt:&;  fand  /;  cogwhecli. 

as  the  second,  pressure.  It  consists  of  two  disks  A  and  /f  stand- 
ing opposite  to  one  another.  These  disks  are  furnished  with 
rods  D  standing  in  concentric  circles  and  reaching  almost  from 

Fi.i.  167. 


WITH  THE  COVER  It 
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DISINTEdUTOK :  WJTH  BASKET  PUSHED  APAKT. 
A,  B,  di*k*i  (',  thift;  A  rodt;  E,  cover;  A,  frame. 

one  disk  A  to  the  other  disk  B ;  they  are  fastened  only  on  one 
end.  The  disks  revolve  with  great  rapidity  in  opposite  direc 
tions  around  the  horizontal  shaft  C.  The  oil-cakes  to  be  com- 
minuted are  introduced  near  the  centre  of  the  disks;  they  arrc 
forced  outward  by  the  centrifugal  force,  and,  after  coming  re- 
peatedly in  violent  contact  with  the  rods,  arrive  in  a  comminu- 
ted state  at  the  periphery  of  the  disks.  The  disintegrator  thus 
works  solely  by  impact,  there  being  no  grinding  by  friction  be- 
tween two  surfaces,  since  the  rods  do  not  touch  one  another. 

In  a  disintegrator  ^'^  feet  in  diameter  making  400  revolu- 
tions per  minute,  the  velocity  of  each  rod  in  the  innermost  ring 
is  52  feet  per  second;  in  the  second  62  feet;  in  the  third  72 
feet;  and  in  the  fourth  82  feet.  If  now  a  particle  thrown  back 
by  a  rod  of  the  innermost  ring  meets  a  rod  of  the  second  ring 
moving  in  the  opposite  direction,  it  will  be  thrown  with  a 
velocity  of  62  —  52  =  10  feet  upon  the  third  rod  moving  again 
in  an  opposite  direction,  and  from  the  latter  upon  the  fourth 
rod,  and  with  a  velocity  of  72  —  10  =  62  feet.  From  the  last 
rod  it  finally  leaves  the  machine  with  a  velocity  of  82  — 62  >= 
20  feet,  and  is  caught  by  the  wooden  frame. 

By  this  repeated  partial  arrest  of  the  velocities,  the  cohesion 
of  the  oil-cakes  brought  into  the  machine  is  overcome.  The 
effect  is  extraordinary. 
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CAKE-BK  BAKER. 


Fig.  169  shows  an  improved  centrifugal  cake-breaker  for 
breaking  the  oil  cake  into  small  particles  before  it  goes  to  the 
cake  mill ;  it  is  manufactured  by  the  Stillwell-Bierce  &  Smith- 
Vaile  Co.,  of  Dayton,  Ohio. 
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Content  of  Fat  and  Free  Fatty  Acids  in  Sound  Oil-cakes,  according  to 

nordlinger. 


Variety  of  Oil-cake. 


Rape-seed 


{Minimum.  • 
Maximum . . 
Mean 

{Minimum.  . 
Maximum.. 
Mean 

{Minimum.  . 
Maximum . . 
Mean 

(  Minimum.  . 

Sesami -|  Maximum. . 

(  Mean 

{Minimum.  . 
Maximum .  • 
Mean 

Palm  kernel  extracted 

{Minimum.  . 
Maximum . . 
Mean 

r  Minimum.  . 

Linseed <  Maximum  • . 

(  Mean 

r  Minimum.  . 

Castor i  Maximum  • . 

(  Mean 


100  parts  of  oil-cake  con- 
tain: 


Free  fatty 
acids. 

I. 


0.72  parts. 
1.02    " 
0.93    " 

6.86 
5.66 

0.37 
4.92 

142 

2.66 

7.80 

6.15 

0.62 

3.16 

M7 

'•55 
0.91 

1.63 

OA3 
1.06 

0.75 

0.68 

1.74 

1.27 


M 
(I 

« 
it 


« 


<• 


« 


U 


« 


«< 


4< 


«« 


« 

(I 


«« 


« 


t< 


« 
« 
« 
U 


u 


Total  fat. 
II. 


7.67  parts. 
9.70 
8.81 
8.92 
10.34 

9-63 

5-70 
12.47 

7.65 
11.20 
21.90 
15.44 

8.00 
14.70 

>o.39 
18.68 
10.10 
16.11 

13." 

6.82 
10.80 

8.81 

4.80 

8.17 

0-53 


« 

« 

14 
« 
<« 
it 
« 
(( 
it 
<l 
<l 
l< 
«« 
it 
M 
<• 
U 
M 
U 
« 

« 


100  parts  of 
total  fat  con- 
tain free  fatty 
acids. 


III. 


8.39  parte. 
13.23     •• 
10.55     " 

43-70 
70.70 
58.89 

3942 
18.62 
20.24 
58.62 
40.29 

6.28 
26.21 
14.28 

8.29 

7.27 
13.88 
10.51 

4.00 
15.50 

9.75 

8.33 
28.72 

20.07 


M 
*t 
M 
(t 


« 


« 


M 


«< 


i( 


« 


M 


(« 


if 


« 


« 


« 


Oil  cake  as  an  addition  to  the  feed  and  for  fattening  animals 
has  proved  valuable  both  in  theory  and  practice. 

All  oleiferous  seeds  contain  considerable  quantity  of  nitrogen- 
ous substances  (protein  substance)  which  in  regard  to  its  com- 
position and  properties  resembles  the  casein  of  milk. 

The  cake  remaining  in  the  press  contains  all  this  nitrogenous 
substance.  But  besides  this  substance  so  suitable  for  nutrition, 
oil-cake  contains  up  to  10  per  cent,  fat  substance  which  can  be 
directly  assimilated  and  contributes  to  the  formation  of  fat. 
Finally  oil-cake  contains  phosphates  which  serve  for  building  up 
the  skeleton. 

VOL.  1 — 21 
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Oil-cake  is  best  fed  by  soaking  in  warm  water  and  mixing- 
with  the  other  feed,  such  as  grain,  cabbage,  potatoes,  rutabagas^ 
hay,  bran,  etc. 

The  appended  table  gives  the  average  percentage  of  digest- 
ible constituents  in  oil-cake : 


Names  of  oil-cake. 


Protein 
substances. 


Fat 
substances. 


Rape  seed  85.5  p.  c. 

Linseed 1  87.0 

Cotton  seed '  74.0 

Sunflower  seed • 76.5 

Palm  kernel ■  98.0 

Cocoanut « ;  74.0 


<« 


f< 


« 


If 


(f 


88.0  p.  c. 

91.0 

91.0 

85.0 

98.0 

83.0 


« 

4< 

<i 
« 
U 


Non-ni- 
trogenous 
'  substances. 


78.0  p.  c. 

91.0 

46.0 

50.0 

94.0 

89.0 


<t 


ii 


«t 


i( 


*« 


Taking  the  feeding  value  of  hay 
Rape  seed  cake  has  a  feeding  value 
Linseed 
Poppy  seed 
Palm  kernel 


it 


u 


l( 


« 


t( 


il 


«( 


«< 


« 


100. 
190. 

220. 
140. 
250. 


Feeding  oil-cake  exclusively  gives  meat  of  an  inferior  quality^ 
oil-likefat,  milk  of  a  disagreeable  taste,  and  very  soft  butter. 

Hence  oil-cake  should  be  fed  to  a  limited  extent  only,  and 
its  use  entirely  discontinued  in  the  last  stage  of  fattening,  to 
prevent  the  meat  of  the  animals  from  acquiring  a  foreign  taste. 

Independent  of  the  importance  of  oil-cake  as  a  nourishing 
substance,  its  composition  and  the  large  content  of  phosphoric 
acid  in  its  ash  prove  it  of  great  value  as  a  manure.  Regarding 
its  use  for  the  latter  purpose,  experience  has  shown  that  it 
should  not  be  brought  upon  the  field  together  with  the  seed^ 
the  germinating  power  of  the  latter  being  thereby  frequently 
destroyed.  This  action  of  oil-cake  may  be  explained  by  the  fact 
that  by  its  putrefaction,  which  under  favorable  conditions  pro- 
gresses very  rapidly,  a  considerable  quantity  of  ammonia  is 
evolved,  which,  by  presenting  to  the  seed  or  young  plants  too 
great  an  abundance  of  nitrogenous  nutriment,  as  well  as  by  the 
direct  influence  of  its  alkalinity,  exerts  an  injurious  eflfect.     The 
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cause  of  the  injurious  action  of  oil-cake  upon  the  seed  was 
formerly  attributed  to  the  content  of  oil.  It  was  held  that  the 
oil  by  enveloping  the  seed  prevented  the  access  of  oxygen  re- 
quired for  germination,  and  thus  rendered  the  latter  impossible. 
This  is,  however,  not  the  case,  the  oil  being  too  finely  divided. 

The  oil-cake  is  either  ground  and  applied  to  the  soil  like 
other  fertilizers,  or  it  is  for  some  time  macerated  with  water  from 
the  manure-pit,  and  the  resulting  fluid  distributed  over  the 
field.  The  comminuted  oil-cake  may  also  be  mixed  with  earth 
and  subjected  to  initial  putrefaction,  whereby  the  loss  of  nitrogen 
by  the  volatilization  of  ammonia  must,  of  course,  be  prevented. 

For  the  determination  of  the  content  of  fat  in  the  oil-cake  the 
same  methods  as  for  the  determination  of  the  content  of  oil  in 
seed  are  used,  p.  14. 

To  prevent  moulding,  which  would  render  them  unfit  for  feed, 
the  oil-cakes  when  leaving  the  press  must  not  be  laid  too  close 
together,  but  sufficient  space  be  left  on  all  sides  for  the  access  of 
air.  When  thoroughly  dry  they  will  stand  packing  in  any 
manner. 

Oil-cake  as  well  as  oil-meal  is  frequently  adulterated*  such 
falsifications  being  best  established  by  a  microscopical  examina- 
tion. Particulars  regarding  methods  of  adulteration  and  their 
recognition  will  be  given  in  speaking  of  the  separate  oil-seeds. 

Oil-mill  Plant. 

The  arrangement  of  an  oil-mill,  like  that  of  every  other 
factory  requiring  motive  power,  may  be  divided  as  follows : 

1.  The  motive  power. 

2.  The  motor. 

3*  The  working  machinery  (tools). 

4.  The  connecting  parts  between  the  motor  and  machinery 
— ^the  driving-gear,  communication  of  movement. 

To  attain  the  most  advantageous  results,  it  has  to  be  taken 
into  consideration : 

I.  That  nothing  of  the  motive  power  is  lost  without  being 
utilized ; 
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2.  That  the  motor  renders  the  motive  power  available  for 
use  with  the  slightest  unavoidable  losses ; 

3.  That  the  gearing  absorbs  as  little  power  as  possible,  but 

4.  Transmits  the  greater  portion  of  it  to  the  machinery,  care 
being  taken  to  avoid  losses  there  and  to  attain  the  most  useful 
effect ; 

5.  That  the  first-mentioned  conditions  be  accomplished 
with  the  smallest  expense  possible. 

Although  wind  or  water  present  many  advantages  as  motive 
power,  for  the  regular,  uninterrupted  running  of  an  oil  mill 
steam-power  alone  is  suitable,  it  being  not  dependent  on 
metereological  conditions.  Where  suitable  water  power  is 
available,  it  may  serve  as  an  auxiliary  power  or  as  a  reserve  in 
case  of  a  break-down. 

The  choice  of  a  suitable  place  for  the  establishment  of  an  oil- 
mill  is  of  prime  importance.  The  site  should  be  selected  with 
reference  to  water  and  railroad  facilities  for  the  reception  of 
supplies  of  seed,  coal,  etc.,  and  for  shipment  of  the  finished 
products.  The  machinery  required  has  been  fully  described  in 
the  foregoing  pages,  and  it  remains  only  to  be  mentioned  that 
from  the  vessels  standing  under  the  presses  the  oil  is  generally 
collected  in  open  tanks,  in  which  it  remains  for  a  few  days, 
when  it  is  drawn  off  through  a  tap  a  few  inches  above  the 
bottom  and  brought  into  barrels  or  larger  reservoirs  for  the 
actual  settling ;  this,  settling,  however,  has  nothing  to  do  with 
the  refining  to  be  described  later  on 

It  sometimes  happens  that  the  oil  is  much  contaminated  with 
seed-meal  in  consequence  of  torn  press-cloths ;  in  such  a  case 
the  deposit  in  the  tanks  is  mixed  with  the  seed-meal  previously 
to  subjecting  the  latter  to  the  first  pressure;  otherwise  the 
deposit  is  brought  into  a  special  tank. 

If  the  settling  tanks  are  located  beneath  or  alongside  the  mill 
the  conduit  and  pump  must  be  so  arranged  that  the  deposit  is 
not  stirred  up  either  by  the  influx  of  fresh  oil  or  by  the  opera- 
tion of  pumping.  The  deposit  in  the  settling  tank  is  from  time 
to  time  removed  and  may  be  used  in  the  manufacture  of  soft  soap. 
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The  ground  plan  of  an  oil-mill  plant  shown  in  Fig.  170  is  ' 
sufficiently  explained  by  the  letters. 


••  •  •  •  >« 


GROUND-PLA.N  OF  AN  OIL-MILL. 

A,  mill-room;  B,  boiler-house;  C,  engine-room;  D,  store-room  for  oil-cakes;  E^ 
office  of  foreman;  Ff  shop  of  the  machinist;  G,  repair-shop;  a,  two  edge-runners; 
6,  two  heating-pans;  c,  four  work-tables;  d,  eight  presses;  t,  pumping  machinery; 
/,  steam-engine;  ^.  railroad  for  the  transport  of  oil-cakes. 
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Fig.  171  exhibits  an  oil-mill  constructed  by  M.  Ehrhardt. 
The  plant  has  a  crushing  capacity  of  26,000  lbs.  of  seed  per  day. 
The  mill  works  with  2  crushing  rolls,  3  presses  for   the  first 

Fig.  171. 


ji,  engine;  3,  i  lets  of  edge-runners ;  C,  14  healing  pans;  D,  4  accumulaton;  £, 
1  sett  of  cnisbing  rolb;  J^,  3  presses  for  the  first  pressure  and  4  presses  for  the 
second  prCMuie;  G,  two  sets  of  hydraulic  pumps-,  //,  I  cake-breaker. 
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pressure,  i  oil-cake  breaker,  2  sets  of  edge-runners,  and  4 
presses  for  the  second  pressure. 

The  cakes  obtained  by  the  first  pressure  are  round  and  those 
by  the  second  pressure  17.71  inches  long,  each  cake  weighing 
2.1 12  kilogrammes  (4.64  lbs.).  To  each  press  belong  2 
heating  pans.  The  building  being  but  one  story  high,  the 
crushing-rolls  are  placed  in  the  mill-room. 

As  motor  serves  a  steam-engine  of  30  effective  horse-power, 
with  a  cylinder  diameter  of  13.78  inches  and  a  stroke  of  22 
inches.  Besides  the  mill-machinery  it  drives  a  windlass,  an 
elevator,  and  three  oil-pumps. 


N 


CHAPTER  XI. 

MANNER   OF   OBTAINING   FIXED   OILS. 

B.  By  Extraction. 

A  COMPLETE  exhaustion  of  the  seeds  cannot  be  effected  even 
with  the  greatest  possible  pressure,  as  the  organic  substances 
retain  about  lo  per  cent.,  which  has  to  be  recovered  by  sol- 
vents. Jesse  Fisher,  of  Birmingham,  actually  originated  the 
modern  use  of  carbon  disulphide  for  this  purpose,  his  first  ex- 
periments dating  from  1843.  Besides  carbon  disulphide,  other 
solvents  can  of  course  be  used,  especially  the  volatile  petroleum 
ethers  (benzine,  canadol)  introduced  by  Richardson,  Vohl,  and 
Hirzel. 

I.  Extraction  with  Carbon  Disulphide, 

Carbon  disulphide,  CSs,  (consisting  of  15.8  parts  of  carbon 
and  84.2  parts  of  sulphur)  is  still  manufactured  according  to  the 
method  of  the  inventor  Lampadius  (1796),  by  conducting  sul- 
phur vapors  over  glowing  coals. 

The  various  apparatuses  used  in  the  manufacture,  which  is 
always  conducted  in  the  oil  mill  itself,  are  very  much  alike  ex- 
cept that  by  Galy-Cazalet. 

Fig.  172  illustrates  Deiss's  modern  apparatus.  It  consists  of 
the  brick  furnace  A  with  four  cast-iron  retorts  B  entirely  encir- 
cled by  the  fire.  The  smoke  is  conducted  through  the  flues  C 
into  the  chimney  D,  Each  retort  is  provided,  about  one-third 
above  the  bottom,  with  a  perforated  clay-plate  to  separate  the 
sulphur  in  the  lower  part  of  the  retort  from  the  charcoal  or  coke 
in  the  upper  part.  The  sulphur  is  introduced  through  the  pipe 
F,  and  the  charcoal  or  coke  through  an  opening  in  the  lid.  The 
sulphur,  which  quickly  vaporizes  by  heating,  combines  with  the 
glowing  coal  to  carbon  disulphide,  the  vapor  being  conducted 
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through  the  pipe  G  into  the  condensers  N.    The  latter  consists 
of  a  water  reservoir  J  and  a  bell  A". 

For  the  escape  of  the  non-condensed  vapors,  etc.,  the  pipe 
L  is  placed  on  the  last  condenser.  These  vapors  being  very 
noxious,  as  they  contain  carbonic  oxide,  carbonic  acid,  marsh 
gas,  and  large  quantities  of  hydrogen  sulphide,  should  not  be 
allowed  to  escape  into  the  open  air,  but  be  burned,  and  the 
vapors  formed  conducted  over  hurdles  moistened  with  lime  or 
caustic  soda  or  into  Laming's  mass,  a  mixture  of  ferric  hydrate 
with  slaked  lime  and  saw-dust. 

Fic  172. 


1  CARBON  DISULPHn>£. 

/I,  InrDace;  S,  (bur  rctorti;  C,  flue*;  Z>,  chimney;  £,  petforated  clay  plate  )  f,  pipe 
for  the  inlroductioD  of  sulphur  ;  C,  pipe  lot  the  lulphnr  vapor  ;  M,  condeuera ;  % 
water  reservoir  ;  JC,  bell ;  L,  pipe  for  noo-condensed  vapor. 

The  coal  used  should  be  rich  in  carbon,  and  as  free  as 
possible  from  ash ;  charcoal  and  coke  being  the  most  suitable. 
It  should  be  also  poor  in  hydrogen  and  oxygen,  as  otherwise 
large  quantities  of  the  above-mentioned  gases  are  formed. 

The  yield  is  greatest  with  a  medium  red  heat;  the  loss  of 
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sulphur  amounts  to  about  i8  per  cent.,  and  that  of  carbon  to 
about  50  per  cent. 

The  operation  is  continuous,  the  sulphur  wrapped  in  paper, 
being  introduced  about  every  1 5  minutes  through  the  pipe  F, 
But,  if  fresh  coal  is  to  be  put  in,  which  is  done  every  6  to 
10  hours,  the  introduction  of  sulphur  is  to  be  stopped  at  least 
one  hour  previously.  After  filling  the  retorts,  the  lids  are 
again  luted. 

The  emptying  of  the  retorts  from  residues  of  coal  and  sul- 
phur causes  a  considerable  loss  of  material  and  time,  and  be- 
sides is  very  injurious  to  the  workmen  on  account  of  the  heat 
and  the  vapors  from  the  burning  carbon  disulphide. 

The  product,  crude  carbon  disulphide,  obtained  by  the  pro- 
cess, is  contaminated  by  sulphur  originating  from  non-fixed 
sulphur  vapors,  by  hydrogen  sulphide  and  combinations  con- 
sisting of  carbon,  oxygen,  and  sulphur,  which  have  not  as  yet 
been  thoroughly  examined. 

As  sulphur,  which  amounts  to  about  10  per  cent.,  injures  the 
dissolving  powers  of  the  carbon  disulphide,  and  the  other  car- 
bon combinations  impart  to  it  a  disagreeable  odor  not  charac* 
teristic  of  it,  it  has  to  be  rectified. 

Bonniere's  apparatus.  Fig.  173,  is  the  most  suitable  for  this 
purpose. 

The  carbon  disulphide  to  be  rectified  is  in  the  reservoir  A 
provided  with  the  stop-cock  C,  gauge-glass  B,  opening  D,  and 
discharge-pipe  E,  From  here  the  carbon  disulphide  is  con-, 
ducted  through  the  pipe  E,  provided  with  the  cock  G  and  the 
glass  tube  F,  into  the  distilling  apparatus  H.  The  latter  is  suc- 
cessively connected  by  the  pipes  K  with  several  smaller  distil- 
ling apparatuses  y.  In  the  cover  N  are  two  openings  in  which 
the  connecting  pipes  K  are  so  fitted  that  the  longer  end  of  one 
connecting  pipe,  which  is  provided  on  the  lower  end  with 
numerous  small  holes,  reaches  nearly  to  the  bottom  of  the  next 
distilling  apparatus,  while  the  shorter  end  serves  as  a  discharge 
pipe  of  the  preceding  apparatus.  After  making  connections  with 
the   cooling  apparatus  R,  steam  is  introduced  into  the  water- 
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RKCTI>-VINC  APPARATUS  FOR  CARBON  DI5ULPHIDE. 

A,  diiulphide  caiboD  reMrroir  ;  B,  gauge  glus  1  C,  itopcock  ;  /},  openiog  ;  £,  pipe 
to  the  dutillinf!  appuatm  ;  /•',  glua  Inbe  ;  G,  cock  oa  the  pipe  £  ;  H,  la^e  ttlll ; 
y,  imall  itill ;  K,  connecting  pipe  ;  L,  Heam  pipe  ;  M,  branchei  from  L  ;  N,  tidi 
or  the  appaniliw ;  O,  introduction  pipe  ;  P,  diachargc  pipe  for  wMer  ;  Q,  ditcharge 
cock*  ;  R,  cooling  pipe  ;  S,  receiver. 
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baths  surrounding  the  distilling  apparatus  H  and  J  through  the 
pipe  Z,  provided  with  branches  and  cocks  M,  The  introduc- 
tion of  steam  is  regulated  by  the  cocks  according  to  the  pro- 
gress of  vaporization  and  the  temperature  connected  with  it. 

But,  as  complete  purification  is  not  possible  even  by  repeated 
distillation,  metallic  solutions  are  placed  in  the  stills  for  the 
absorption  of  foreign  admixtures.  Thus  in  the  first  apparatus 
H  is  placed  concentrated  potash  lye  for  the  absorption  of  sul- 
phur ;  in  y  solutions  of  lead,  copper,  and  ferric  oxides  to  fix 
hydrogen  sulphite,  olefiant  gas,  etc.  After  conducting  the 
disulphide  carbon  through  the  varions  metallic  solutions,  it  is 
condensed  under  distilled  water  in  a  receiver  resembling  a 
Florence  flask. 

The  loss  in  yield  caused  by  purification  amounts  to  as  much 
as  25  per  cent. 

Pure  carbon  disulphide  is  a  transparent,  colorless  liquid  of 
great  refractive  and  dispersive  power,  of  a  pure  ethereal,  chloro- 
form-like odor,  and  a  cooling  spicy  taste.  It  burns  in  the  air 
with  a  blue  flame,  forifiing  carbon  dioxide  and  sulphur  dioxide ; 
and  becomes  explosive  when  its  vapor  is  mixed  with  oxygen. 
Its  specific  gravity  is  1.269  ^it  61^  F.,  and  its  boiling  point, 
under  ordinary  atmospheric  pressure,  at  1 1 5^  F.  It  readily  dis- 
solves bromine,  iodine,  sulphur,  phosphorus,  fat  oils,  resins, 
many  coloring  substances,  camphor,  caoutchouc,  gutta-percha, 
wax,  paraffin,  volatile  oils,  etc. 

The  apparatuses  used  in  extracting  the  oil  from  the  seed  are 
nearly  all  alike  as  regards  the  principal  operations.  The  seed 
prepared  in  the  same  manner  as  for  expression,  but  dried,  is 
placed  in  hermetically  closed  cylinders  of  various  constructions. 

Fig.  174  illustrates  Heyl's  apparatus.  It  consists  of  four  or 
more  cast-iron  or  sheet-iron  cyhnders,  A\  to  Ak^  communicating 
with  each  other  and  surrounded  by  steam  jackets.  The  ex- 
tracting vessels  are  so  arranged  that  they  can  be  emptied  by 
tilting,  which  is  rather  inconvenient,  as  all  the  pipes  have  to  be 
unscrewed. 

In  the  cyclinders  close  above  the  bottoms  is  a  perforated 
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plate  covered  with  fine  wire  gauze  upon  which  the  material 
to  be  extracted  is  placed.  The  cylinder  is  flilled  to  the  top, 
and  after  placing  a  similar  plate  upon  it,  the  upper  opening  is 
closed  by  a  lid  suspended  to  a  crane.  The  cylinder  as  well  as 
the  lid  is  provided  with  a  broad  flange  between  which  is  placed 
a  hemp  tissue,  firmly  pressed  together  by  1 2  cramps,  to  serve  as 
a  packing. 

Alter  filling  the  cylinders  with  seed  and  arranging  the  pack- 

Fic.  174. 


OIL   EXTRACTING  A 

A,  to  At,  four  exlractiog  cylinders;  S,  priiicip>l  conduit  for  carbuD  diiulphidei  C, 
to  C,,  cocki  on  the  canduti;  £>,  to  D,,  conduiti  for  carbon  diiulphide;  E,  to  f^, 
cocki  on  the  pipe*  ^,  (o  /),;  /',  diicharge  pipe  for  laturated  carbon  diiulpbide; 
G,  to  G„  discharge  cocki  for  laturated  carbon  diiulptude;  /f,  to  //„  glau  tubei; 
y,  diichaige  pipe  for  carbon  disulphide;  A*,  to  AT,,  diichorge  cocks;  L,  cooduit 
for  compressed  air;  Af,  to  iV,,  cocka  for  tbe  introduction  of  air;  AT,  steam-pipe; 
O,  to  0„  ateant'cockt  on  the  jacket*  of  the  cylindeia;  />,  to  /*,,  cocks  on  the 
cylinders  thenuelvet. 

ing,  carbon  disulphide  is  conducted  from  a  resevoir  through 
the  principal  pipe  S  to  the  extracting  vessels,  and  is  intro- 
duced into  A,  by  opening  the  cock  C,  which  communicates  with 
the  pipe  B.  The  carbon  disulphide  passes  through  the  bent 
pipe  D„  enters  through  the  cock  £,  below  the  false  bottom  of 
the  cylinder  A„  and  after  penetrating  the  mass  and  tilling  the 
cylinder,  runs  through  the  cock  C,  of  the  bent  pipe  D,  and  the 
cock  E,  into  the  cylinder  A„  reaching  the  fourth  cylinder  in 
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the  same  manner  through  the  cock  Q,  the  pipe  /?„  and  the 
cock  £^.  From  the  last  cylinder  it  passes  as  a  thoroughly 
saturated  oil  solution  into  a  resevoir  in  which  a  vacuum  has  been 
created  to  promote  the  circulation  of  the  fluid  in  the  entire  ap- 
paratus. After  a  quantity  of  oil  solution  corresponding  to  the 
contents  of  the  cylinder  A^  has  arrived,  the  cock  Gi  is  closed 
and  the  cock  C^  opened,  whereby  the  cylinder  A^  is  connected 
with  yi,  by  the  bent  pipe  D^  and  the  cock  E^, 

After  the  exhaustion  of  the  contents  of  the  cylinder  A^^ 
which  is  recognized  by  means  of  the  glass  tube  //,,  placed  on 
Dt  by  the  fluid  running  off  being  colorless,  the  cocks  C,  and 
E,  are  closed,  and  C,  and  E^  opened,  whereby  the  carbon 
disulphide  runs  into  /4„  and  from  there  to  A^  and  ^„  A^  being 
omitted.  To  effect  this  omission,  and  at  the  same  time  not  to 
prevent  the  introduction  of  carbon  disulphide,  ^„  C^f  C^,  C^  are 
so-called  two-way  cocks,  which,  when  placed  in  one  position, 
connect  the  principal  pipe  B  with  the  branch  pipes  D^  but  in- 
terrupt a  further  flow  through  the  principal  pipe  B^  while  in 
the  other  position  they  close  the  pipes  A  and  open  the  prin- 
cipal pipe  B, 

The  cylinder  A^  is,  however,  still  filled  with  carbon  disulphide 
and  material  saturated  with  it.  To  remove  the  carbon  disul- 
phide the  discharge  cock  AT,  on  the  bottom  of  the  cylinder  is 
opened,  which  communicates  with  the  discharge  pipe  7»  through 
which  the  carbon  disulphide  is  conducted  into  a  reservoir. 

The  discharge  is  promoted  by  opening  the  cock  Af„  con- 
nected with  the  pipe  Z,  and  the  admittance  of  compressed  air> 
which  displaces  the  liquid  carbon  disulphide.  After  the  flow 
of  the  latter  has  ceased,  the  steam-cocks  on  the  jacket  O,  and 
the  cylinder  P^  are  opened  under  constant  admission  of  air  and 
simultaneous  introduction  of  steam  through  the  pipe  N  into  the 
upper  part  of  the  cylinder. 

The  carbon  disulphide,  converted  into  vapor  by  the  heat, 
together  with  the  steam,  is,  by  the  admission  of  air,  conducted 
through  the  cock  A',,  the  pipe  Jy  and  a  cooling  pipe,  placed 
between  the  extracting  vessels  and  the  reservoir,  and  collected 
in  a  reservoir  to  be  re-used. 
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On  account  of  the  great  volatility  of  carbon  disulphide,  con- 
siderable loss  would,  however,  be  incurred  by  the  above  men- 
tioned admission  of  air.  To  avoid  this,  the  reservoir  serving 
for  the  reception  of  the  condensed  carbon  disulphide  and 
steam  is  closed  and  connected  by  a  pipe  with  a  long,  narrow, 
horizontal  cylinder  half  filled  with  oil  and  provided  with  a  fan 
shaft.  The  vapors  of  carbon  disulphide  entering  the  cylinder 
from  the  reservoir  are  absorbed,  together  with  the  air,  by  the 
oil,  the  surface  of  which  is  constantly  agitated  by  the  fan  shaft, 
Fig.  I7S- 


DlSTtLLINO  APPARATUS. 

^,  Mill:  £,  jacket;  C,  steam-pipe;  Z>,  diKliBrge-pipe  for  condeoxd  water;  £,  pipe 
for  tbe  introduction  of  the  oil  aolution;  J-',  gauge;  G,  crank;  J/,  itiiTet;  y,  escape 
foT  vapon  of  carbon  diiulphide;  A*,  circular  pipe;  L,  ditcharge  for  the  oil. 

while  the  air,  rendered  entirely  inodorous,  passes  out  at  the 
other  end.  The  carbon  disulphide  is  finally  separated  from  the 
oil  by  distillation,  and  again  used. 

After  the  cylinder  A,  is  sufficiently  steamed  it  is  emptied  and 
again  charged  with  seed  and  connected  with  the  cylinder  .(4i, 
while  the  other  cylinders  undergo  the  same  manipulation  de- 
scribed above. 
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The  saturated  oil  solution  is  subjected  to  distillation,  which 
can  be  readily  effected  in  Heyl's  apparatus,  Fig.  175. 

The  lower  part  of  the  still  A  of  boiler  plate  is  surrounded  by 
the  steam-jacket  B,  into  which  steam  is  admitted  through  C 
and  the  condensed  water  discharged  through  D. 

The  concentrated  oil  solution  runs  from  a  reservoir  standing 
at  a  higher  level  through  the  pipe  £  into  the  still,  the  admis- 
sion of  a  sufficient  quantity  being  indicated  by  the  gauge  F. 

The  carbon  disulphide  brought  to  the  boiling  point  (114^ 
F.)  by  the  steam  introduced  into  the  jacket,  vaporizes  quickly, 
vaporization  being  still  more  accelerated  by  revolving  the  stirrer 
H  by  means  of  the  crank  G, 

The  vapors  of  carbon  disulphide  escape  through  four  open- 
ings in  the  upper  part  of  the  still  into  a  capacious  coil,  the 
lower  part  of  which  enters,  under  water,  a  reservoir. 

Notwithstanding  the  volatility  of  carbon  disulphide,  the  oil 
retains  a  portion  of  it  so  tenaciously  that  a  complete  separation 
cannot  be  accomplished  by  the  introduction  of  steam  into  the 
jacket  B]  steam  must  therefore  be  introduced  into  the  oil  itself. 
This  is  done  by  means  of  the  pipe  K,  the  lower  end  of  which  is 
perforated.  After  making  the  connection  with  the  steam-pipe, 
the  steam  is  forced  in  fine  jets  through  the  oil,  effecting  com- 
plete vaporization  of  the  carbon  disulphide.  After  completed 
distillation  the  oil  is  discharged  through  L, 

The  oil  is  then  freed  from  the  coloring  substances  extracted 
by  the  carbon  disulphide  by  treating  it  with  zinc  chloride  ( i  j4 
parts  of  zinc  chloride  to  100  parts  of  oil). 

The  difficult  condensation  of  the  vapors  of  carbon  disulphide 
has  been  overcome  by  the  suitable  construction  of  Seyferth's 
condenser.  Fig.  176. 

The  vapors  pass  from  the  still  through  the  pipe  A  into  the 
lower  part  of  the  large  condensing  box  B,  placpd  under  the 
water  reservoir  C. 

The  upper  portion  of  the  box  is  provided  with  compartments, 
upon  which  lie  perforated  metal  plates  in  such  a  manner  that 
they  are  alternately  open  on  both  sides,  and  the  steam  has  to 
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pass  through  the  apparatus  by  as  long  a  route  as  possible.  To 
furnish  a  large  cooling  surface  to  the  current  of  steam,  cotton 
threads,  or  some  other  fibrous  substance,  are  drawn  through 
the  holes  in  the  metal  plates.  The  cooling  water,  entering 
through  the  cock  E  and  falling  upon  the  upper  plate,  trickles 

Fio.  176. 


A,  pipe  for  ripot  of  catboD  disulpbide;  B,  condenling  bon;  C,  water  reiervoii;  D, 
perfoiated  metal  plates;  E,  cock  for  admiliing  cooling  water;  F,  collecting  place 
for  the  condenaed  carbon  ditulpbide;  C,  ducharge-pipe  for  carbon  disulpbide;  N, 
level  ol  water;  jf,  discharge -pipe  for  the  water;  A',  sheet-iron  cylinder;  L,  dia- 
charge-pipes;  Af,  air-pipe. 

down  the  threads  upon  the  second  plate,  and  so  on  into  the 
lower  part  of  the  box  until  its  level  is  at  H. 

The  cooling  surface  of  the  apparatus  is,  therefore,  the  total  of 
the  surface  of  all  inner  metallic  parts,  augmented  by  the  total 
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surface  of  the  threads.  The  cooling  is  considerable  and  more 
complete  than  by  coils,  and  is  still  further  augmented  by  the 
team  moving  in  a  direction  opposite  to  that  of  sthe  water. 

The  condensed  carbon  disulphide  separates  from  the  water 
by  gravity  and  collects  in  the  depression  F  in  the  box  By  from 
whence  it  passes  into  a  reservoir,  or  at  once  through  the  pipe 
G  into  the  extracting  vessels. 

When  the  water  has  reached  the  level  Hy  that  added  by  con- 
densation runs  oflT  through  the  pipe  at  //,  which  reaches  nearly 
to  the  bottom  of  the  sheet-iron  cylinder  Ky  and  from  there 
further  through  the  pipe  L.  Upon  the  surface  of  the  cooling 
water  floats  a  small  portion  of  carbon  disulphide  carried  by 
small  steam  bubbles.  By  the  ascending  and  descending  mo- 
tion in  the  cylinder  By  these  bubbles,  however,  burst,  and  the 
carbon  disulphide  falls  to  the  bottom  and  is  temporarily  poured 
into  the  reservoir  for  the  condensing  water. 

The  pipe  M  serves  only  the  purpose  of  making  connection 
with  the  outer  air.  With  complete  condensation  nothing  is 
lost,  though  to  avoid  any  possible  loss  a  small  condenser  may 
be  placed  on  the  pipe  K. 

Roth's  apparatus  for  extraction,  distillation,  and  condensation 
are  represented  by  Figs.  177  to  181. 

The  carbon  disulphide,  before  being  conducted  to  the  ex- 
tractor, is  in  a  so-called  sulphur  vat  connected  with  an  auxiliary 
reservoir.  Both  the  sulphur  vat  and  the  auxiliary  reservoir  are 
in  a  brick  basin  lined  with  cement,  and  are  constantly  kept 
under  water  to  prevent  any  development  of  gas  from  the  carbon 
disulphide  at  an  ordinary  temperature. 

The  sulphur  vat  consists  of  a  cylindrical  sheet-iron  boiler  Ay 
with  two  man-holes  B  for  cleansing,  which  is  required  about 
every  two  years.  The  cock  C  connects  the  boiler  A  with  the 
auxiliary  reservoir  Z>,  and  also  disconnects  them  with  the  dis- 
tilling apparatus  at  work. 

The  cock  E  connects  the  sulphur  vat  with  a  water  reservoir 
placed  about  20  feet  above  the  floor.  The  column  of  water 
pressing  upon  the  carbon  disulphide  forces  it  through  the  pipe 
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H  and  the  cock  F  into  the  pipe  leading  to  the  extractors.  This 
pipe  lies  under  water  in  a  brick  channel,  branches  provided 
with  cocks  leading  from  it  to  the  separate  extractors. 

The  cock  G  serves  for  the  discharge  of  the  water  which  is 
spontaneously  forced  through  it  by  the  greater  gravity  of  the 
carbon  disulphide  coming  from  the  auxiliary  reservoir.  The 
cock  G  is  also  used  for  measucing  the  quantity  of  carbon  disul- 
phide in  A.  For  this  purpose  a  small  iron  rod  coated  with 
lard  is  introduced  into  A,  through  the  cock  G,  and  allowed  to 
remain  a  short  time.     On  removing  the  rod  the  depth  of  car- 

Fic.  .77. 


SULPHUK  VAT, 

A,  »beet-irt>n cylinder;   B,  Iwu  mui-holcs;   (',  cock  in  Ihe  pipes  belween  A  ftnd  lb« 

■uxUiaiy  TCKrvoir  D:  E,  pipe  and  coclc  between  A  and  Ihe  water  reservoir;  F, 

pipe  and  cocli  between  A  and  the  extractor!:   G,  diicharge-cock  for  water;  H, 

pipe  leading  to  the  extracton;   y,  pipes  for  condensed  carbon  disulphide. 

bon  disulphide  in  A  is  indicated  by  the  extent  to  which  the 
lard  is  dissolved.  This  is  measured  and  the  quantity  of  car- 
bon disulphide  in  A  calculated  from  tables. 

The  pipes  y  form  the  conduits  for  the  condensed  carbon  di- 
sulphide coming  from  the  condensing  apparatus.  All  the  con- 
duits are  about  3  inches  in  diameter.  The  boiler  A  is  about 
20  feet  long,  with  a  diameter  of  6  feet. 

The  carbon  disulphide  is  slowly  conducted  from  the  sulphur 
vat,  in  which  it  is  stored,  from  below  into  the  extractors,  the 
cross  section  of  one  of  which  is  shown  in  Fig.  t/S. 

The  extractor  consists  of  a  sheet-iron  cylinder  A  resting  upon 
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columns.  The  X  piece  screwed  and  riveted  to  the  bottom  leads 
with  the  pipe  B  to  the  sulphur  vat,  and  with  the  pipe  C  to  the 
steam-boiler.  The  cock  D  serves  for  the  discharge  of  con- 
densed water,  while  the  cock  E  opens  or  closes  communication 
with  a  second  extractor.  In  the  cylinder  A  \s  a  perforated 
bottom  resting  upon  the  supports  G  and  covered  with  sack- 

Fic.  178. 


A,  cylinder;  B,  pipe  (or  the  intioduclion  of  carbon  ilisulphidei  C,  pipe  lor  the  in- 
troduction of  Etesm ;  D,  ditchu^-cock  for  condeiiKd  water ;  E,  cock  >nd  con- 
duit lo  the  second  extractor;  /'.  perforated  bottom;  G,  supports;  N,  pipe  to  the 
condeniing  apparatus;  Jj',  perforated  bottom;  JC,  supports;  Z,  pipe  to  the  still; 
^,  coUecting  basin;  A',  valve:   f),  crank;  /',lid;   ^.glass  gauge:  A*,  air-cock. 

cloth.  Seven  and  one-half  feet  above  F  is  another  perforated 
bottom,  also  covered  with  sackcloth  and  resting  upon  the  sup- 
ports K.  The  space  between  both  is  filled  with  material,  the 
sackcloth  answering  the  purpose  of  a  filter. 
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The  bent  pipe  Z,,  provided  on  the  upper  end  with  a  strainer, 
conducts  the  concentrated  oil  solution  from  the  upper  bottom 
y  to  the  distilling  apparatus. 

A  collecting  basin  M  forms  the  connection  between  the  ex- 
tractor ^,  the  valve  Ny  and  the  pipe  H^  the  latter  conducting  the 
carbon  disulphide  vapors  to  the  condenser. 

The  valve  A^  has  a  diameter  of  about  1 2  inches,  and  can  be 
quickly  opened  and  closed  by  the  lever  O, 

The  gauge  Q  shows  the  level  of  the  carbon  disulphide  and 
allows  of  samples  being  taken. 

The  lid  P  is  fastened  to  A  by  screw  clamps  and  packing  of 
hemp  hose,  so  that  it  can  be  quickly  removed. 

•  By  the  introduction  of  fresh  carbon  disulphide  from  below, 
the  concentrated  oil  solution  is  forced  into  the  distilling  appa- 
ratus, the  introduction  of  fresh  carbon  disulphide  being  con- 
tinued until  a  sample  taken  at  Q  shows  the  presence  of  pure 
carbon  disulphide.  One-half  of  the  latter  is  then  conducted 
through  the  cock  E  into  a  second  extractor,  while  the  other 
half  is  allowed  to  run  quickly  back  into  the  sulphur  vat. 

After  the  discharge  of  the  carbon  disulphide,  all  the  com- 
munications are  closed  with  the  exception  of  the  conduit  to  the 
second  extractor,  and  steam  admitted  from  below  through  C. 
This  heats  the  seed  and  distils  off  the  carbon  disulphide  adher- 
ing to  it. 

After  being  convinced  by  a  sample  that  the  mass  is  entirely 
free  from  carbon  disulphide,  it  is  removed  from  the  extractor. 
The  purpose  of  the  cock  F  is  to  allow  the  excess  of  steam  to 
escape  after  distilling  off  the  carbon  disulphide. 

After  completed  distillation  the  lid  P  is  taken  off  by  meaAs 
of  a  tackle,  the  mass  removed,  the  extractor  again  charged,  and 
the  operation  commenced  anew. 

Fig-  179  shows  the  construction  of  the  distilling  apparatus. 
It  consists  of  a  sheet-iron  cylinder  A^  with  a  helmet  screwed 
upon  it,  and  the  lid  B  provided  with  a  man-hole.  In  the  centre 
of  the  lid  i?  is  a  pipe  C  about  16  inches  in  diameter,  through 
which  the  carbon  disulphide  vapors  are  conducted  to  the  con- 


342  ANIMAL   AND   VEGETABLE   FATS   AND   OILS. 

denser.     There  is  also  the  cock  D  for  the  discharge  of  steam 
after  completed  distillation. 

Through  the  cock  E  the  oil  solution  is  introduced  into  the 
still  and  rises  to  half  its  height,  as  can  be  seen  by  the  gauge  F. 

Fk.  1J9- 


y,  sbeet-iron  cj'lmder;  B,  lid;  C,  pipe  to  the  condenKr;  D,  aXr-cock;  E,  pipe  and 
cock  for  tbe  inlfoduction  of  the  oil  lolulioni  f,  g\*ia  gauge;  C,  uppei  steam  coil; 
ff,  Iowa  iteaiD'Coil;  %  Meam-cock;  /t,  dijcharge-cock  for  oil;  Z,  dtKharge-cock 
for  condensed  water. 

On  the  bottom  lie  two  steam-coils,  G  and  /f,  the  upper  one, 
G,  being  entirely  closed,  while  the  lower  one,  //,  is  perforated 
by  over  200  small  holes. 

By  the  introduction   of   steam  through   the  cock  ?,  the  oil 
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solution  is  slowly  heated  and  the  carbon  disulphide  distilled  off. 

The  lower  perforated  steam-pipe  is  only  used  to  remove  the 
last  traces  of  carbon  disulphide  from  the  oil  and  the  still  with 
all  the  energy  of  live  steam. 

After  completing  the  operation,  the  oil  together  with  the 
condensed  water  is  discharged  through  the  cock  K  into  a  reser- 
voir, where  it  remains  for  four  hours  for  the  oil  to  separate 
from  the  water. 

Fiu.  180. 


A,  B,  C,  D,  pipe   distributor;    B,  F,  G,  curved  joints;    H,  pipe  lor  tbe  cooling 
water;  J,  discbaige-pipc  for  heated  water;  K,  rising  pipe  to  tbe  sareiy-boi. 

The  condensed  water  formed  in  the  closed  steam-coil  is  dis- 
charged through  the  cock  L. 

Figs.  180  and  181  show  the  cooling  or  condensing  appara- 
tuses. Their  arrangement  is  very  good,  as  in  the  construction 
of  a  condenser  care  should  be  taken  to  obtain  as  large  a  con- 
densing surface  as  possible  tn  the  smallest  space. 
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The  spirals  lie  in  a  box  and  lead  from  an  upper  cast-iron 
distributor  A,  first  in  six  pipes,  each  about  i6j4  feet  long  and 
3^  inches  in  diameter,  to  the  curved  cast-iron  joint  £",  and 
from  here  in  six  pipes,  each  3  }4  inches  in  diameter,  to  the  sec- 
ond distributor  B.  From  the  latter  five  pipes,  each  about  3 
inches  in  diameter,  lead  to  the  curved  joint  /%  and  then  back 
to  the  distributor  C;  from  here  three  pipes,  each  about  2j4 
inches  in  diameter,  lead  to  the  curved  joint  G  and  back  to  the 
distributor  D.  From  the  latter  a  pipe,  about  2ji  inches  in 
diameter,  conducts  the  condensed  carbon  disulphide  back  to 
the  auxiliary  reservoir  (Fig  177). 

The  pipes  are  arranged  in  a  cast-iron  box  or  a  brick  basin 
lined  with  cement. 

The  cooling  water  is  introduced  from  below  through  the 
cock  Hy  and  the  heated  water  discharged  above  through  the 
pipe  y. 

To  effect  complete  condensation  of  the  vapors,  the  rising  pipe 
K  is  placed  on  the  lowest  pipe.  It  enters,  under  water,  a  lead 
box  placed  at  a  higher  level,  where  the  remaining  vapor  is  con- 
densed. This  so-called  safety-box  is  also  provided  with  a  cock 
for  the  escape  of  air  from  the  condenser. 

2.  Extraction  with  Canadol, 

Canadol  is  the  term  applied  by  H.  Vohl  to  that  portion  of 
the  volatile  hydrocarbons  of  Pennsylvania  petroleum  which 
boils  at  140^  F.,  and  has  a  specific  gravity  of  0.650  to  0.700. 

For  extracting  the  oil  from  oleiferous  seed  by  means  of  can- 
adol, Vohl  has  constructed  the  apparatus  shown  in  Fig.  182. 
It  consists  of  three  principal  parts,  viz.,  the  two  extractors  AAy 
the  collecting  and  boiling  vessel  By  and  the  condenser  C 

The  extractors  consists  of  copper  cylinders,  a  a,  tinned  inside 
and  provided  with  curved  lids  and  bottoms,  c  Cy  of  the  same 
material.  These  copper  cylinders  are  surrounded  by  sheet-iron 
jackets  b  by  the  empty  space  between  the  latter  and  the  cylinders 
serving   for   the  reception  of   hot  water  or  steam   introduced 
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FOR   EXTBACTtNd   V 


j1,  cxtracton;  B,  collecting  and  boiling  vencli  C,  condeniing  vessel;  Af,  inaei 
vessel  o(  the  boiling  vessel  B;  jV.lid;  O,  valve;  /*,  dischsrge-pipe;  Q,cocV  on 
discharge-pipe;  B,  gauge;  S,  ouler  vessel  of  boiling  vessel;  T,  inlet  pipe  for 
cold   water:    L',  discbarge-pipe  for  cold   water;  a  a,  crlinder;  i  i,  jacket;  ^  f, 
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cnrred  bottomi;  d  d,  inlet  pipeii  t  t,  diichuge  pipei;  f  f,  coili  coDoected  by 
tbc  pipet  g g  with  boiling  venel  B;  h  h,  cocki  on  thoie  pipei;  >'  >',  pipei  in 
connection  with  the  condeming  veuel  C ;  k  k,  charging  hola;  II,  nn,  pp,  pipes 
in  the  lid;  m  m,  o  b,  q  g,  cocks  on  thofc  pipei;  r,  numometer;  >,  valve;  t  I, 
•peituiet  in  the  bottom,  and  «  u,  pipes  with  coclu  vv,  ic  w  ,■  x,  y,  t,  pipes  on 
the  boiling  vewel  £. 


through  the  pipes  d  d.     The  water,  as  well  as  the  condensed 
water,  is  discharged  through  the  pipes  e  e. 

The  interior  of  the  two  copper  cylinders  is  provided  with 
coW&ff,  tinned  inside  and  out,  which,  on  the  lower  bottoms, 
are  connected  by  the  pipes  ^^  with  the  collecting  and  boiling 
vessel  B;  the  connection  can  be  interrupted  by  closing  the 
cocks  h  h. 

The  upper  ends  of  the  coils  pass  into  the  pipes  i  i,  whereby 
they  are  connected  with  the  condensing  vessel  C. 

The  upper  curved  lids  of  the  extractors  have  charging  holes 

k  k  provided  with  well-fitting  tinned  copper  lids  which  can  be 

tightly  closed  by  set-screws,     As  a  further  security,  the  outer 

edges  of  the  lids  are  provided  with  a  cork  lining  or  a  ring  of 

pure  moist  hemp.     Minium  or  lead  rings  cannot  be  used,  aS 

they  would  contaminate  the  oil,  and  rubber  rings  would  dissolve. 

The  lids  receive  besides  the  pipes  /  /  with  the  cocks  m  m  and 

m'  m',  the  pipes  «  n  with  the  cocks  o  o,  and  the  pipes//  with 

the   cocks   q   q.     They  are  further  fitted 

Fic.  183.  with  the  manometer  r  and  the  valve  s  (Fig. 

183,  upper  view  of  the  extractor). 

The  bottoms  of  the  extractors  are  pro- 
vided with  wide  openings,  //,  exactly  like 
the  charging  holes  k  k,  and  closed  in  the 
same  manner. 

There  are  besides  on  the  lowest  point 
the  pipes  »  u  provided  with  the  cocks  v  v 
and  w  w.     These  two  pipes  enter  the  joint  pipe  x  x,  whereby 
they  are  connected  with  the  collecting  and  boiling  vessel  B, 

The  collecting  and  boiling  vessel  B  consists  of  two  semi- 
spherical  vessels,  the  inner  smaller  one  jlf  being  made  of  copper. 
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tinned  inside.  The  curved  lid  N,  also  of  tinned  copper, 
receives  the  pipes  x  and  y^  the  first  reaching  to  within  one  inch 
of  the  bottom,  and  the  latter  only  into  the  dome.  The  lid  is 
further  provided  with  the  valve  O. 

On  the  lowest  point  of  the  inner  vessel  M  is  the  discharge- 
pipe  P,  with  the  cock  Q,  the  portion  of  the  pipe  above  the  cock 
being  connected  with  the  gauge  R, 

The  outer  semi-spherical  vessel  5  consists  of  cast  iron,  and  is 
provided  with  the  pipes  y  and  z,  the  first  serving  for  the  intro- 
duction of  steam  and  the  latter  for  the  discharge  of  condensed 
water. 

The  condensing  vessel  C  consists  of  sheet-iron  and  contains 
two  tinned  copper  coils,  each  being  connected  with  the  corres- 
ponding extractor  by  the  pipes  i  and  e. 

The  pipe  T  serves  for  the  introduction  of  cold,  and  U  for  the 
discharge  of  hot,  water. 

To  operate  the  apparatus,  the  aperture  t  in  the  extractor  A 
is  opened  and  about  two-thirds  of  the  surface  of  the  bottom 
covered  with  a  felt  disk  about  one-eighth  inch  thick,  which  is 
provided  in  the  centre  with  a  felt  cork  formed  by  stitching 
small  felt  disks  together,  so  that  it  can  be  conveniently  intro- 
duced into  the  pipe  u.  This  cork  must  not  fit  too  tight,  as  it 
would  stop  the  discharge,  making  it  finally  impossible,  and  be- 
sides, the  density  and  thickness  of  the  felt  depend  on  the  sub- 
stance to  be  extracted. 

The  aperture  /  is  then  closed  and  the  ground  substance  to  be 
extracted  introduced  through  the  charging  hole  k.  The  mass 
is  uniformly  distributed  in  the  extractor  without  compressing 
it  to  any  extent,  and  a  felt  disk,  provided  with  a  hole  for  the 
pipe  /,  placed  on  top.  The  charging  hole  is  then  carefully 
closed. 

During  this  operation  the  cocks  o,  g,  w,  and  Q  are  closed  and 
#«,  mf,  0,'  and  h  open. 

By  opening  the  cock  0  on  the  pipe  n,  which  is  connected 
with  the  reservoir  containing  the  canadol,  the  latter  flows  into 
the  extractor  and  is  uniformly  distributed  by  the  top  felt  disk. 
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The  air  in, the  apparatus  escapes  through  the  pipe  /  and  the 
cocks  m,  m'. 

The  solvent,  impregnated  with  oil,  passes  through  the  pipe 
niy  the  cock  v,  and  the  pipes  x  x  into  the  collecting  or  boiling 
vessel  B, 

The  air  displaced  in  the  latter  escapes  through  the  pipe  g, 
the  cock  A,  the  coils  //,  the  pipes  /  i,  and  finally  reaches  the 
open  air  through  the  cock  mf. 

After  the  admittance  of  sufficient  solvent,  and  when  M  is 
about  two-thirds  full,  which  is  recognized  by  the  gauge  7?,  o  is 
closed,  and  the  contents  of  M  brought  to  the  boiling  point  by 
injecting  a  slight  jet  of  steam  through  the  pipe  g, 

X  X  being  closed  by  the  liquid,  the  vapors  of  the  solvent  es- 
cape through  the  pipe  g  and  pass  into  the  coils  //,  where  they 
are  completely  condensed  and  then  run  back  to  B,  After  the 
contents  of  the  extractor  A  are  heated  and  have  finally  reached 
the  boiling  point  of  the  solvent,  the  vapors  are  condensed  in  the 
condenser  C,  which  they  reach  through  the  pipes  i  i.  As  soon 
as  any  of  the  solvent  runs  oflf  through  the  cock  m\  the  latter  is 
closed.  The  condensed  solvent  then  returns  to  the  extractor. 
In  this  manner  the  seed-meal  is  extracted  by  a  comparatively 
small  quantity  of  solvent. 

To  see  whether  the  meal  is  completely  exhausted,  the  cock  v 
is  closed  and  a  sample  taken  by  means  of  the  test-cock  w.  If 
the  sample  leaves  an  oil  stain  upon  paper,  extraction  is  not  fin- 
ished ;  but  if  the  reverse  be  the  case  the  cock  M  is  closed,  so 
that  no  more  canadol  is  admitted  to  the  meal,  but  runs  off 
through  the  cock  m. 

Steam  is  now  introduced  into  the  jacket  b  through  the  pipe 
dy  whereby  the  contents  are  heated  to  a  higher  degree  and  the 
developed  canadol  vapors  exert  a  considerable  pressure  upon 
the  surface  of  the  meal  residue.  The  greater  portion  of  the 
solvent  absorbed  by  the  meal  is  forced  downwards  and  passes 
through  the  pipe  «;,  the  cock  v,  and  the  pipes  x  x  into  the  col- 
lecting or  boiling  vessel  B. 

During  this  operation  special  care  must  be  taken  to  observe 
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the  level  in  M,  It  must  be  remembered  that  the  extractor 
being  two-thirds  filled,  the  contents  expand  by  heating,  and 
now  that  nearly  the  entire  quantity  of  solvent  retained  by  the 
seed  residue  is  added,  an  overflow  of  the  fluid  in  B  into  the 
coils//,  and  finally  into  the  condenser,  might  occur,  which 
would  cause  considerable  loss. 

If  the  level  in  the  boiling  vessel  B  rises  too  high,  the  intro- 
duction of  steam  into  the  extractor  M  must  be  at  once  stopped 
and  the  cock  q  on  the  pipe  /  slowly  opened. 

After  the  operation  of  separating  the  canadol  from  the  meal 
residue  is  finished,  which  is  recognized  by  the  decrease  of  the 
level  in  B^  q  is  opened  and  v  closed. 

The  pipe  p  is  connected  with  a  cooling  apparatus  and  the 
latter  with  an  exhauster,  whereby  the  developed  canadol  vapors 
are  energetically  absorbed  from  the  meal  residue,  and,  passing 
through  the  cooling  apparatus,  condensed. 

In  this  manner  the  seed  residue  is  quickly  converted  into  a 
dry  powder,  and  with  a  well-conducted  operation  retains 
scarcely  a  slight  odor  of  canadol. 

By  opening  the  cock  j2»  the  pipes  of  which  are  connected 
with  a  blow-ofT  pipe,  the  contents  of  the  vessel  B  are  discharged 
and  freed  from  canadol  by  the  injection  of  steam.  The  oil  is 
then  dephlegmated  by  common  salt  or  weathered  Glauber's 
salt. 

3.   Extraction  with  Benzine, 

Figs.  184  to  187  exhibit  Merz's  universal  extractor^  which  is 
much  used  for  the  extraction  of  oil  from  seed. 

Extraction  commences  at  an  ordinary  temperature ;  the  con- 
tents of  the  extractor  become  gradually  heated,  partially  by 
the  gases  enveloping  them  and  partially  by  the  refluent* 
directly  condensed,  warm  solvent,  the  temperature  of  the  latter 
finally  rising  to  the  boiling  point.  With  increasing  tempera- 
ture the  action  of  the  solvent  becomes  of  course  more  effective, 
the  last  portions  of  the  contents  of  the  extractor  being  readily 
extracted  at  the  boiling  temperature. 
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The  apparatus  consists  essentially  of  two  parts,  viz.,  the  ex- 
tractor A  and  condenser  with  reservoir  B  which  are  connected 
above  by  a  pipe. 

Fig.  184. 


Longitudinal  SecHon, 

MERZ'S  UNIVERSAL  EXTRACTOR. 

The  extractor  A  being  charged  through  the  man-hole  q^  the 
cover  is  hermetically  closed,  and  benzine  introduced  through  the 
cock^  from  the  reservoir  B.  The  siphon  pipe  m  m  immediately 
draws  the  fluid  to  the  lower  part,  where  it  is  heated  by  the  coil 
A,     The  benzine  vapors  evolved  ascend  between   the  walls, 
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Graund-flan. 

HEkZ'S  UNIVERSAL  K 

A,  extractor;  P,  reflox-pipc;  a,  heating  coil;  6,  pipe  foe  JDlradactJon  of  Heun;  i, 
valve;  d,  noule-pipc;  e,  mui-holc;  f,  Gre-pUce;  k,  cocki;  i,  dischuge-cock;  i, 
connecting  piece;  /,  ditch arge-cock ;  m  m,  siphon-pipe:  H,  cock;  0,  teit-cock;^, 
inlet-cock;  ;,  man-hole;  r,  discharge-cock;  i,  three-way  cock;  u, manometer ;  x, 
cock ;  (,  cooling-pipes. 

Fui.  \»b. 


Loitgiltidinal  See/ien, 

RRZ'S  UNIVERSAL  ETTKACTOR. 
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heating  thereby  the  contents  of  A,  and  enter  the  pipe  s  js  oi 
the  refliix-condenser,  where  they  are  condensed.  The  warm 
product  of  condensation  falls  back  into  A,  and  when  it  reaches 
the  level  of  m  is  again  drawn  by  the  siphon  to  the  lower  part, 
where  the  benzine  is  again  vaporized,  then  condensed  in  s  s, 
etc.,  the  same  circuit  being  repeated  until  a  sample  taken  at  a 
shows  no  more  extract,  when  extraction  is  finished.     The  cool- 
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Ground  Plan. 

MERZ'S  UNIVERSAL  EXTRACTOR. 

B,  condenser;  a,  man-hole;  6,  T-piece  lor  connection  with  Pf  Fig.  184;^,  air-pipe; 
if,  coils;  e,  connecting  piece;  F,  intercepting  basin;  4,  influx  of  cooling  water;  f, 
discharge-cock  for  benzine;  Jk,  discharge-cock;  /,  outlet  for  cooling  water;  m,  cock; 
0,  looking-holes;  p,  test-cock;  w,  valve  of  air-pipe. 


ing  water  is  then  discharged  from  the  reflux-condenser  by  turn- 
ing the  three-way  cock  s,  and  the  benzine-vapors  are  no  longer 
condensed  in  the  reflux-condenser,  but  ascend  directly  to  the 
condenser  B,  where  they  condense  and  collect  in  the  lower  por- 
tion of  B,  To  accelerate  distillation,  steam  is  introduced  through 
d  and   d,  until  the  steam   issuing  from  the  cock  x  no  longer 


MANNER   OF  OBTAINING  FIXED   OILS.  353 

smells  of  benzine,  and  a  sample  of  the  condensed  product  com* 
ing  from  the  cooler  taken  by  means  of  the  cock  p^  proves  to  be 
pure  water  without  a  film  of  benzine. 

The  apparatus  may  be  operated  intermittingly,  as  described, 
or  continuously ;  in  the  latter  case  the  escape  of  the  oil-solu- 
tion is  so  regulated  that  the  level  of  the  fluid  is  maintained 
constant  by  the  vaporized  and  regenerated  solvent.  In  both 
cases  an  almost  uninterrupted  circulation  of  the  solvent  is 
effected ;  the  contents  of  A  are  gradually  heated  by  the  vapors 
ascending  from  the  lower  part,  and  the  concentrated  fat  solution 
running  off  is  replaced  by  pure,  almost  boiling  benzine,  all 
conditions  required  for  intense  and  rapid  extraction  being  thus 
fulfilled.  The  vapors  having  an  opportunity  of  expanding,  no 
pressure  takes  place  in  the  apparatus ;  and  the  cooling  arrange- 
ments being  very  suitable,  no  gas  can  escape,  the  loss  of  ben- 
zine being  at  the  utmost  i  per  cent. 

Fig.  188  exhibits  an  extracting  apparatus  constructed  by 
Wegelin  &  Hiibner  of  Halle,  Germany. 

The  solvent  is  brought  through  the  pipe  p  into  the  reservoir 
R^  forming  the  lower  part  of  the  cooler  B,  The  apparatus  Ay 
having  been  charged  through  the  man-hole  tn  with  the  mass  to 
be  extracted,  a  perforated  plate  is  placed  in  position  at  r,  and 
the  man-hole  closed.  The  cooling  water  is  brought  into  B  by 
opening  the  cock  y.  The  three-way-cock  /  is  so  fixed  as  to 
establish  communication  between  the  pipe  /  and  the  apparatus 
A,  The  cock  q  is  then  opened  and  the  solvent  penetrates 
from  above  in  the  apparatus,  and  in  passing  down  becomes 
more  and  more  saturated  with  oil.  It  next  goes  through  the 
sieve  5,  through  the  pipe  «,  the  three-way  cock  /  and  pipe  r  to 
the  collecting  vessel  C.  By  opening  the  valve  g^  steam  is  ad- 
mitted to  the  heating  coil  in  the  collecting  vessel,  whereby  the 
solvent  is  vaporized,  the  vapors  ascending  to  the  cooler  B^ 
where  they  are  condensed,  the  product  of  condensation  pass- 
ing into  the  reservoir  Bj  and  from  there  again  through  the 
cock  q  into  the  reservoir  A,  The  apparatus  A^  as  well  as  the 
pipes  /  and  k  are  enveloped  in  non-conductive  material  to  pre- 
VOL.  1 — 23 
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vent  loss  of  heat.     The  extracting  process  in  A  is  controlled  by 
taking  samples  from  the  test-cock  z. 

The  expulsion  and  regaining  of  the  solvent  from,  the  ex- 
hausted material  in  A  is  effected  as  follows :  The  cock  q  is 
first  closed.     The  three-way  cock  /  is  then  so  fixed  as  to  es- 
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tablish  direct  communication  between  the  apparatus  A  and  the 
apparatus  C,  the  pipe  /  being  also  disengaged.  All  the  sol- 
vent in  A  now  runs  into  C,  where  it  is  distilled  oflF,  the  oil  re- 
maining behind.  By  opening  the  valves  d  steam  is  blown  into 
the  exhausted  mass  in  A^  wherebv  the  solvent  is  driven  off  and 
passes   in   the  form  of  vapor  through  the  pipes  k  into  the 
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cooler  By  where  the  vapors  are  condensed,  the  product  of  con- 
densation collecting  in  R.  To  expel  the  last  traces  of  solvent 
from  the  extracted  fat  or  oil,  steam  is  blown  into  the  apparatus 
C  by  opening  the  valve  /.  Besides  the  solvent,  steam  also 
reaches  B  and  collects  in  i?  as  water  beneath  the  solvent. 

By  taking  samples  from  the  test-cock  o^  the  time  when  steam- 
ing the  exhausted  mass  in  A  or  the  fat  or  oil  in  C  may  be  con- 
sidered finished,  is  recognized.  A  gauge  indicates  the  level  of 
the  solvent  and  of  the  water  in  the  reservoir.  The  apparatus 
A  is  emptied  by  means  of  a  man-hole  ^,  while  the  oil  in  C  is 
discharged  through  the  cock  A/  /  is  a  stand-pipe  upon  the 
reservoir  /?,  and  is  closed  by  a  valve  n  to  prevent  vaporization 
of  the  solvent.  The  apparatus  throughout  works  without  pres- 
sure, thus  excluding  all  danger  of  over-charging. 

Braun  prefers  ether  to  benzine  for  the  following  reasons: 
Benzine  consists  of  a  number  of  hydrocarbons  of  different  boil- 
ing points,  even  the  best  quality  of  purified  commercial  ben- 
zine, with  an  average  boiling  point  of  140^  F.,  containing  small 
quantities  of  bodies  boiling  only  at  392^  F.  and  above  it.  Of 
these  portions  boiling  at  a  high  temperature,  the  oil  tenaciously 
retains  a  small  quantity,  so  that  soap  made  from  oil  extracted 
with  benzine  has  an  odor  of  petroleum. 

4.  Extraction  with  Ether. 

In  most  factories  working  on  a  large  scale  with  carbon  disul- 
phide,  experiments  on  as  mall  scale  are  generally  made  with 
ether. 

It  has  been  shown  by  numerous  experiments  that  the  seed  is 
completely  exhausted  with  ether,  and  the  oil,  after  evaporation, 
is  of  an  excellent  quality.  But,  notwithstanding  the  fact  that 
the  advantages  of  ether  over  carbon  disulphide,  canadol  and 
benzine  were  known,  its  use  on  a  large  scale  never  proved  a 
success. 

The  loss  by  evaporation  in  an  incompletely  closed  apparatus 
was  feared,  and  the  use  of  water,  as  with  carbon  disulphide,  was 
not  possible,  the  specific  gravity  of   carbon  disulphide  being 
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1.27,  and  that  of  ether  only  0.72,  and  consequently  the  latter 
would  not  sink  in  water. 

O.  Braun  has  proposed  the  extraction  of  seed  on  a  large 
scale  by  ether.  It  is  claimed  that  the  properties  of  ether  as 
well  as  its  low  specific  gravity  and  low  boiling  point  are  not 
hurtful,  but  rather  beneficial,  in  an  entirely  closed  apparatus. 

On  account  of  its  low  specific  gravity,  one  pound  of  ether 
occupies  nearly  double  the  space  of  carbon  disulphide,  and 
as  the  solvents  are  used  by  measure  and  not  by  weight,  the 
difference  in  price  is  almost  annulled. 

The  low  boiling  point  allows  of  a  rapid  and  complete  distilla- 
tion of  the  ether  from  the  oil  and  the  residue. 


Fig.  189. 

K-zf- 


'—Kf^ 


ETRACriNG  APPARATUS  WITH  ETHER.      GROUND-PLAN. 


Figs.  189,  190,  191  and  192  show  the  apparatuses  for  the 
extraction  with  ether;  they  can  also  be  used  with  carbon 
disulphide. 

The  arrangement  of  the  factory  consists  of  a  horizontal  res- 
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ervoir  A  capable  of  holding  the  entire  quantity  of  ether  (at  the 
utmost  11,000  lbs.)  used  during  the  operation.  B^  C,  Dy  and 
E  are  vessels  of  a  similar  form,  their  total  capacity  equaling 
that  of  ^.  Fy  G  are  two  distilling  vessels  each  provided  with  a 
cooling  pipe.  H  is  an  air-pump,  and  Jy  K,  Z,  My  Ny  Oy  six 
extracting  vessels  with  vertical  cylinders. 
There  is  no  gasometer. 

Fig.  190. 


EXTRACTING  APPARATUS  WITH  ETHER.      CROSS  SECTION. 

A^  principal  etber  reservoir;  By  C,  D,  £y  reservoirs;  F,  Gy  distilling  vessels;  Hyixt- 

pump;  y,  Ky  Ly  My  Ny  O,  extracting  vessels. 


All  the  vessels  are  of  sheet-iron,  closely  riveted  and  hermet- 
ically closed,  and  connected  with  each  other  by  cocks  and 
pipes.  The  extractors,  stills,  and  cooling  pipes  stand  upon  the 
floor,  while  three  of  the  smaller  reservoirs  are  placed  about  3 
feet  lower,  and  the  fourth  reservoir,  By  about  10  feet  higher. 

The  extractors  are  3^  feet  high  and  2^  feet  wide,  and  have 
each  a  capacity  of  550  pounds  of  crushed  seed.     They  are 
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emptied  by  lifting  the  lower  perforated  bottom  with  the  entire 
contents  by  means  of  a  traveling  crane.  This  mode  of 
emptying  is  very  quick  and  convenient,  the  operation  requiring 
only  two  minutes.  The  lid  is  simply  pressed  up  and  hermeti- 
cally closed  by  a  screw,  so  that  it  cannot  be  opened  and  closed 
in  less  than  one  minute. 

The  large  reservoir  A  is  placed  lower  than  the  three  smaller 
ones ;  the  motion  of  the  fluid  is  effected  by  the  air-pump  H, 
each  vessel  being  connected  with  the  suction  and  delivery  side. 

Fig.  191. 


SECTION  THROUGH  THE  EXTRACTING  SPACE. 


The  progress  of  the  operation  is  as  follows :  In  the  begin- 
ning all  the  ether  is  in  the  reservoir^.  After  charging  the 
extractors  y,  A',  Z,  M,  N,  O  with  crushed  seed,  the  air  from 
the  upper  reservoir^  is  pumped  into  the  large  reservoir  A,  so 
that  the  upper  reservoir  B  is  filled  with  ether.  The  air  is  then 
pumped  from  the  first  four  extractors,  y,  K,  Z,  M,  and  the 
first  reservoir  C  of  the  three  lower  smaller  reservoirs,  into  the 
large  reservoir  A  and  the  upper  reservoir  By  and  the  ether  ad- 


MANNER   OF  OBTAINING   FIXED   OILS. 


359 


tnitted  from  below  into  the  first  extractor  y.  When  y  is  full, 
the  ether  runs  to  the  bottom  of  the  second  extractor  A',  which 
flows  over  into  the  third  Z,  this  to  the  bottom  of  the  fourth 
M,  and  this  finally  to  the  first  lower  small  reservoir  C. 

But  before  the  overflow  into  C  takes  place  the  upper  reser- 
voir B  is  empty,  and  has  to  be  refilled,  as  in  the  commence- 
ment of  the  operation,  from  the  large  resevoir-^. 

Fig.  192. 


SECTION  THROUGH  THE  DISTILUNG  SPACE. 


When  this  is  done,  the  ether  is  allowed  to  flow  on  in  the 
manner  described  until  a  sample  of  it  taken  from  above  from 
the  first  extractor  y  evaporates  without  residue. 

The  flow  of  ether  to  the  extractor  y  and  the  discharge  from 
the  extractor  Af  into  the  reservoir  C  are  then  interrupted,  and 
the  cocks  so  placed  that  the  ether  flows  from  the  reservoir  B 
from  below  into  the  extractor  K,  from  the  top  of  K  from  below 
into  the  extractor  Z,  from  the  top  of  L  from  below  into  M, 
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from  the  top  of  M  from  below  into  N^  and  from  the  top  of  the 
extractor  N  into  the  reservoir  C. 

At  the  same  time  the  air  is  removed  from  the  second  lower 
reservoir  Dy  and  also,  by  means  of  one  of  the  serpentine  pipes, 
from  the  second  distilling  vessel  G.  The  latter  is  then  con- 
nected with  a  cock  on  the  bottom  of  the  extractor  y  and  the 
steam  cock  on  the  top  of  J  slowly  opened.  The  steam  drives 
the  ether  into  the  distilling  vessel  /%  where  it  first  collects,  and 
after  being  distilled  by  the  hot  steam  following  it,  it  is  forced 
into  the  reservoir  D. 

In  forty  minutes  every  trace  of  ether  is  removed  from  the 
meal,  so  that  on  opening  the  extractor  J  only  a  pure  seed  odor 
is  perceptible. 

The  concentrated  oil  solution  which  collects  in  the  reservoir 
C  is  brought  by  suction  and  pressure  into  the  distilling  vessel 
Fy  and  distilled. 

The  ether  vapor  is  condensed  by  passing  through  the  cooling 
pipe  and  flows  into  the  reservoir  E,  from  which  it  is  returned 
to  the  principal  reservoir  A. 

The  consumption  of  ether,  it  is  claimed,  does  not  exceed  one 
per  cent,  of  the  oil  extracted. 

The  extraction  of  fat  from  bones,  wool,  etc.,  will  be  found  in 
the  chapter  treating  of  **  waste  fats." 


After  the  introduction  of  carbon  disulphide  for  the  extraction 
of  oil  there  arose  at  once  a  dispute  about  the  value  and  non- 
value  of  the  method. 

The  farmer  complained  about  the  loss  of  the  oil  cake,  as  the 
residue  left  after  extraction  had  a  disagreeable  sulphurous  odor 
and  was  refused  by  the  cattle.  Oil  dealers  and  soap  manu- 
factures objected  to  the  disagreeable  odor  and  taste  of  the  oil, 
while  the  chemist  claimed  that  the  carbon  disulphide  would  be 
partially  decomposed,  and  besides  would  extract  resinous  and 
sticky  substances  which  would  promote  the  absorption  of 
oxygen  from  the  air,  causing  the  oil  to  become  rancid  more 
quickly. 
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In  consequence  of  all  these  objections,  most  of  the  facto- 
ries in  which  the  new  system  had  been  introduced  did  not 
prosper,  and,  with  the  exception  of  a  few,  stopped  opera- 
tions. 

Another  unfavorable  circumstance  was,  that  after  the  dis- 
covery of  petroleum  in  America,  large  quantities  of  light 
volatile  substances  obtained  in  the  distillation  of  petroleum 
were  thrown  on  the  market  and  were  utilized  as  a  substitute  for 
carbon  disulphide  in  the  extraction  of  oil.  The  first  patent  for 
this  method  was  granted  in  France  to  Richardson,  Irvine,  and 
Lundy. 

Vohl's  object  was  to  obtain  the  oil  as  pure  as  possible,  and 
for  this  reason  he  used  a  volatile  petroleum  ether  boiling  at 
60°  C.  (140°  F.),  which  does  not  dissolve  resins,  and  applied 
the  term  canadol  to .  it.  Crude  canadol  contains,  however, 
sulphur,  and  before  use  must  be  treated  with  potassium  chro- 
mate  and  sulphuric  acid,  and  several  times  rectified. 

The  opinions  in  regard  to  the  advantages  of  canadol  over 
carbon  disulphide  were  formerly  very  much  divided.  Since  the 
manufacture  of  carbon  disulphide  has,  however,  been  perfected 
to  such  a  degree  that  it  is  obtained  absolutely  pure  and  of  a 
pleasant  ethereal  odor,  and,  moreover,  can  compete  with 
canadol  as  regards  price,  the  question  whether  its  use  be  more 
suitable  than  that  of  canadol  may  be  answered  as  follows :  For 
the  extraction  of  fine  oils  to  be  used  for  table  and  perfumery 
purposes,  canadol  is  preferable ;  while  for  all  other  purposes, 
the  market  price  of  the  two  solvents  must  decide.  One  point 
in  favor  of  carbon  disulphide  deserves  mention.  Extraction 
with  it  being  carried  on  at  an  ordinary  temperature,  it  is  much 
simpler  and  is  effected  with  less  expensive  apparatus  than  with 
canadol,  and  besides  old  seed  is  more  completely  exhausted. 

The  former  complaints  about  the  condition  of  the  residue 
have  long  since  ceased.  The  exhausted  seed  meal  has  not  the 
slightest  odor,  and  the  demand  for  the  oil  cake  became  so  great 
that  the  few  factories  in  existence  could  not  supply  it.  In  con- 
sequence of  this,  and  the  extraction  being  much  cheaper  than 
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in  oil  mills,  which  beside  require  a  large  capital,  many  new 
factories  have  sprung  up  during  the  last  few  years,  and  the  trade 
is  still  growing. 

Oil-ex tractiftg  Plant, 

From  the  previously  given  detailed  descriptions  of  extracting 
seed-meal  with  carbon  disulphide,  canadol,  benzine  and  ether, 
the  accompanying  illustrations,  Figs.  193  and  194,  of  an  oil-ex- 
tracting plant  according  to  Wegelin  and  Hiibner's  system,  will 
be  readily  understood  from  the  letters,  and  it  remains  only  to 
mention  the  various  apparatus  required,  viz. : 

a,  8  extractors  of  cast  iron,  each  about  4  feet  in  diameter 
and  3^  feet  high,  provided  with  man-holes  for  charging  and 
discharging  the  seed-meal,  false  bottoms,  contrivances  for  the 
admission  and  discharge  of  benzine  and  steam,  further  with  the 
necessary  pipes  for  connecting  the  apparatus. 

b,  I  cast-iron  tank,  63  inches  in  diameter  and  10  feet  long, 
provided  with  man-hole  and  gauge,  for  the  mixture  of  solvent 
and  oil. 

c,  I  still  consisting  of  a  horizontal  wrought-iron  cylinder,  5  feet 
in  diameter  and  10  feet  long,  provided  with  a  stirring  apparatus 
of  broad  flat  wrought-iron  paddles,  further  with  a  heating-coil 
on  the  bottom,  valve  for  the  admission  of  steam,  discharge 
cock  for  condensed  water,  stirring  apparatus  with  loose  and 
fast  pulley,  gauge,  stop-cock  for  interrupting  the  flow  of  mix- 
ture of  oil  and  solvent,  and  discharge  cock  for  the  oil. 

d,  I  vertical  condenser  for  condensing  the  benzine,  with 
about  215  square  feet  condensing  surface,  55  cooling  pipes, 
each  about  i  inch  diameter  in  the  clear  and  13  feet  long,  with 
inlet  and  outlet  for  water. 

e,  I  tank  for  solvent,  of  about  175  cubic  feet  capacity,  with 
man-hole  and  gauge,  and  inlets  for  the  entrance  of  solvent 
from  the  condenser  and  other  apparatuses. 

/.  2  clarifying  tanks,  each  of  about  141  cubic  feet  capacity 
and  6^  feet  high,  provided  with  perforated  steam-distributing 
pipe  on  the  bottom,  valve  for  cutting  off  steam,  outlet  for  con- 
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Fio.  193. 


a,  bcDziDe  tank;  i,  water  tank;  t,  boiler;  J,  pteasare-adiiuter  for  benzine  gaa;  e, 
extractor; yC  condenier;  f.  itill;  A,  clarifying  tanks;  ■',  benzine  tank;  i,  tank  for 
mixture  of  solvent  and  oil. 
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OIL-EXnt ACTING    PLANT 


GROUND-FLAN. 

/,  boiler ;  HI,  electric-light  plant;  n,  water-pump;  e,  iteam-engine;  ^,  condeiuei; 
f,  eitraclion-baltery:  r,  air-pomp;  s,  condenter;  f,  pump  for  mixture  of  lolTent 
and  oil;  H,  bentiae  pump,  i>,  tank  for  mixture  of  solvent  and  oil ;  ur,  w*,  davify- 
ing  tanka;  y,  beniine  tank;  >,  preuure-adjuiter  [or  bentine  gai. 
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densed  water  and  heating  coil  on  the  bottom.  Each  tank  is 
furnished  at  various  levels  with  four  cocks  for  the  discharge  of 
the  finished  oil,  as  well  as  with  a  cock  and  the  bottom  for  the 
discharge  of  the  residues. 

g,  I  pump  for  pumping  the  solvent  from  the  lower  to  the 
upper  tank. 

h,  I  horizontal  condenser  for  condensing  benzine  or  carbon 
disulphide  and  steaming  the  seed  residues,  with  about  215 
square  feet  condensing  surface,  55  cooling  pipes,  each  i  inch 
diameter  in  the  clear  and  1 3  feet  long,  with  inlet  and  outlet  for 
water. 

I.  I  solvent-separator,  which  separates  the  water  from  ben- 
zine and  carbon  disulphide,  so  that  only  pure  solvent  flows 
back  to  the  tank. 

k,  I  vacuum  pump  of  75^  inch  cylinder  diameter  and  10^ 
inches  stroke,  with  loose  and  fast  pulley. 

/.  I  crushing-roll  with  2  rolls,  each  15^  inches  in  diameter 
and  19^  inches  long. 

in.  I  gasometer,  7j^  feet  in  diameter  and  6j^  feet  high,  for 
absorbing  air  containing  solvent. 


CHAPTER  XII. 


PURIFICATION  OF  OIL. 


The  object  of  purification  or  refining  is  to  remove  the  color- 
ing, mucous,  and  albuminous  substances  which  give  to  the  oil  a 
milky  turbidity  and  a  great  tendency  towards  rancidity.  A 
great  part  of  these  matters,  and  all  bodies  merely  in  a  state  of 
suspension,  are,  of  course,  deposited  by  repose  for  a  sufficient 
length  of  time ;  but  as  this  process  is  slow,  it  is  necessary,  in 
order  to  clarify  the  oil  completely,  to  employ  other  means. 
The  method  generally  adopted  is  treatment  with  sulphuric  acid, 
which  was  first  made  use  of  by  Gowen,  and  improved  by  Thenard. 
.  Oils  cannot  resist  the  energetic  action  of  concentrated  acids. 
If  the  power  of  these  acids,  however,  is  weakened  by  lessening 
the  quantity  used,  their  effect  is  especially  directed  towards  the 
withdrawal  of  water  and  the  destruction  of  the  foreign  matters 
in  admixture,  which  are  separated  in  a  flocculent,  partially  car- 
bonized condition. 

Sulphuric  acid,  for  example,  in  the  proportion  of  three- 
quarters  to  one  and  a  half  per  cent,  of  the  oil,  acts  as  depurat- 
ing agent,  precipitating  the  mucilage  and  parenchymatous 
matters :  first  by  its  powerful  dehydrating  action  it  removes  the 
water  by  which  these  substances  were  held  in  solution  by  the 
oil,  and  afterwards  chars  the  mucous  matters  themselves,  thus 
rendering  them  insoluble  or  otherwise  effecting  their  destruction. 
The  oil  itself  would  be  next  acted  upon  to  a  certain  extent  by 
the  decomposition  of  a  part  of  the  fat  into  glycerin  and  fatty 
acids,  the  latter  remaining  dissolved  in  the  oil.  This  decompo- 
sition would  extend  still  further  if  two  or  more  per  cent,  of  sul- 
phuric acid  were  used,  whereby  the  oil  would  lose  in  quality 
and  become  limpid  and  of  no  value. 
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The  process  of  refining  is  divided  as  follows: — 

1 .  Addition  of  the  sulphuric  acid,  and  intimate  mixing  with 
the  oil. 

2.  Allowing  the  carbonized  mass  to  settle  as  a  flocculent  de- 
posit upon  the  bottom. 

3.  Removing  adhering  sulphuric  acid  by  washing. 

4.  Filtration. 

For  the  first  operation  the  oil,  heated  to  86°  F.,  is  brought 
into  vats  open  on  top,  and  three-quarters  to  one  per  cent,  of 
sulphuric  acid  added  in  a  thin  stream,  with  constant  stirring. 

Fic.  195. 


sriBBING  APPARATUS  WORKED  BV  HAND. 

A,  Til;  S,  wooden  ringi;  C,  wooden  rod;  D,  connecting  rodi;  £,  lever;  F,  handle; 

G,  cock;  /f,  glut  (onneb. 

For  mixing  the  acid  with  the  oil  an  up-and-down  motion  is 
preferable  to  a  circular  one.  An  apparatus  worked  by  hand 
effecting  this  is  shown  in  Fig.  195. 

The  oak  vat  A  serves  for  mixing  the  oil  with  the  acid.    The 
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actual  stirrer  consists  of  two  wooden  rings  B  placed  six  to 
eight  inches  apart  on  the  wooden  rod  C  and  i^onnected  by  the 
rods  D.  An  up-and-down  motion  is  imparted  to  the  stirrer, 
which  is  connected  with  the  lever  E,  by  working  the  handle  F. 
To  protect  the  vat  from  impurities,  it  is  provided  with  a  lid 
through  which  pass  the  rod  fTand  the  glass-funnels  H.  The 
oil  mixture  is  discharged  through  the  cock  G,  placed  imme- 
diately above  the  bottom  of  the  vat. 
Fig.  196. 


C  APPARATUS. 

.4,  Ttt:  £,  traniniUiion  ihift  1  C,  brum:  Z)  f,  bevel  gear;  F,  vertical  shaft ;  G, 
hiuan :  H,  itep ;  J,  upper  lyitem  of  arms ;  K,  lower  system  of  arms ;  L,  bub  of 
upper  arrot;  iVA',  bevel-wheels;  C),  hub  of  the  lower  armt;  ^.  inlet  for  oil;  S, 
funnel;    T,  diicharge-cock. 

Figs.  [96  and  197  show  a  stirring  apparatus  driven  by  ma- 
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chinery.  It  consists  of  the  sheet-iron  mixing  vat  A,  lined  with 
lead ;  motion  is  transmitted  from  the  shaft  B,  which  lies  in  the 
brasses  C,  to  the  vertical  shaft  F,  by  the  two  bevel-wheels  D  and 
E.  The  shaft  F  has  its  bearing  in  the  brasses  G  and  the  step 
N.  Two  systems  of  arms,  connected  with  the  shaft  by  the 
hubs  L  and  O,  revolve  around  their  vertical  axis.  This  would, 
however,  give  to  the  oil  mixture  only  a  circular  motion,  with- 

Fig.  igj. 


out  stirring  it  together.  To  effect  the  latter  a  horizontal 
motion  is  also  required,  which  is  obtained  by  the  horizontal 
shaft  of  the  arms  revolving  in  the  hubs  L  and  O  by  means  of 
the  bevel-wheels  M  and  N. 

The  oil  is  introduced  into  the  mixer  through  R,  and  the  sul- 
phuric acid  added  in  drops  through  one  or  more  glass  or  lead 
funnels  S.  Stirring  is  continued  three-quarters  to  one  hour, 
according  to  the  condition  of  the  oil.  The  oil  itself  becomes 
dark  by  the  operation,  and  after  six  to  twelve  hours  yields  a 

VOL.  I — 24 
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fiocculent  deposit  of  the  same  color,  becoming  itself  perfectly 
bright  and  clear.  It  is  then  discharged  through  the  cock  7*  into 
a  vat  placed  at  a  lower  level  than  A,  and  several  times  washed 
with  hot  water,  with  vigorous  stirring.     It  is  then  brought  into 

Fig.  1 98. 


£,  tow;  /i^,  cTOM-beun;  .S,  screw;  j)/,  Uyer  of  mon;   O,  Iidcd. 

the  clarifying  vats,  where  it  remains  until  completely  separated 
from  the  water.  Separation  is  facilitated  by  an  addition  of 
about  five  per  cent,  of  common  salt. 

Filtration. — Felt  bags  were  formerly  in  general  use  for  this 
purpose,  but  they  had  the  disadvantage  of  becoming  quickly 
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and  repeatedly  clogged  with  solid  matter,  and  cleansing  the 
bags  was  very  tedious.  Later  on  vats  with  conical  openings  in 
the  bottom  stopped  with  cotton  plugs  were  used,  but  they  also 
would  choke  up  and  become  impermeable  to  the  oil.  Though 
this  process  is  still  used  in  some  refineries,  a  much  better 
method  is  to  pass  the  oil  through  a  filter  shown  in  Fig.  198, 
working  only  with  linen,  tow  and  moss. 

The  iron  filter-box,  lined  with  lead,  is  fed  from  a  basin  placed 
at  a  higher  level.  On  the  bottom  of  the  filter  is  the  cross-beam 
H,  carrying  a  perforated  wooden  plate  covered  with  a  layer  of 
coarse  and  one  of  somewhat  finer  linen,  0;  then  follows  a  thin 
layer  of  tow,  Ey  and  upon  this  a  layer  of  moss.  My  and  linen ; 
then  again  a  wooden  plate,  and  so  on  in  the  order  mentioned. 
The  screw  5  does  not  only  assist  in  packing  the  filter,  but  the 
filtering  operation  itself  can  be  regulated  by  tightening  or 
loosening  it. 

Moss  {Hylocamium  triquetruniy  Schimp ;  Hypnum  splendensj 
Hedw. ;  Polytrichum  commune y  L.)  is  especially  adapted  for  the 
purification  of  oil,  and  can  also  be  used  for  filtering  oils  not 
previously  treated  with  sulphuric  acid.  In  using  it  by  itself  for 
packing  the  filter,  an  arrangement  for  convenient  compression 
must  be  provided. 

The  packing  must  be  renewed  about  every  three  weeks. 
The  material  no  longer  fit  for  use  is  subjected  to  strong  pres- 
sure to  obtain  the  oil,  and  then  treated  with  hot  water. 

Refining  plant, — Figs.  199  and  200  exhibit  the  arrangement 
of  an  oil-retinery.  It  is  located  in  a  separate  building  from  the 
oil-mill.  The  crude  oil  is  directly  pumped  by  the  pump  P\ViXx> 
the  stirring  or  mixing  tanks  A  located  on  the  top  floor.  Ac- 
cording to  its  quality  the  oil  is  mixed  with  ^  to  i  ^  per  cent,  of 
sulphuric  acid  and  thoroughly  worked  with  a  mechanical  stirrer 
— p — for  about  i  hour,  though  sometimes  it  is  of  advantage  to 
continue  stirring  for  a  longer  time.  Stirring  being  finished, 
the  oil  is  allowed  to  repose  for  about  5  hours  or  longer,  to  give 
the  acid  and  separated  flakes  time  to  settle.  Each  stirring-tank 
is  provided  with  a  cock  for  discharging  the  oil  into  the  wash- 
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tank  B,  and  another  cock  in  the  lowest  part  of  the  bottom  for 
removing  the  acid  and  the  precipitated  flakes. 


There  should  be  at  least  three  or  four  stirring  tanks,  while 
lor  the  subsequent  washing  one  tank  also  provided  with  a  stir- 
ring apparatus  suffices. 


PURIFICATION  OF  OIL. 


OIL  KtFINBKV. 

Crass  stetion. 
A,  MininK-unk  '.  B,  mth  tank  ;  C,  wooden  lettliiiK  tMs  ;  D,  iron  Mttling  Unlu  ; 
F,  fillet  ;  H,  reKrroit  for  cmde  oil  ;  P,  pomp';  R,  reierroir  for  refined  oil  ;  T, 
tank  for  oil  to  be  filtered. 
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The  oil  discharged  from  the  stirring-tanks  is  mixed  with  about 
20  per  cent,  boiling  hot  water  and  stirred  at  least  one  hour. 
The  water  required  for  washing  is  heated  in  a  small  reservoir 
by  means  of  steam  from  the  boilers. 

From  the  wash-tanks  the  oil  is  discharged  into  the  settling- 
tanks  C  and  D^  where  it  is  allowed  to  settle  from  four  to  six 
days.  Of  these  settling  tanks  there  should  be  as  large  a  num- 
ber ks  possible,  the  quality  of  the  oil  later  on  depending  very 
much  on  its  being  free  from  water. 

The  stirring  and  mixing  vats  are  of  iron  lined  with  lead ;  the 
settling  tanks  D  may  also  be  of  iron,  though  wooden  vats  C 
suiRce  for  the  purpose. 

The  various  stories  of  the  building  are  connected  by  pipe- 
lines, so  that  one  workman  can  conveniently  attend  to  all  the 
various  operations.  On  the  side  near  the  bottom  of  the  settling 
tanks  are  two  cocks  one  above  the  other,  the  deposited  water 
being  drawn  off  through  the  lower  cock  and  the  oil  through  the 
upper.  This  work  being  finished  the  principal  operation — 
filtering  —  commences,  the  previously-described  filter  (Fig. 
198),  which  is  fed  from  the  tank  Z',  beimg  used  for  the  purpose. 
The  number  of  filters  depends  on  the  magnitude  of  the  refinery. 

The  waste  in  refining  oil  amounts  to  I  ^  or  2  per  cent. 

The  residues  from  refining,  the  waste  from  the  settling  tanks, 
vats  and  the  oil  from  the  worn-out  filters,  hold  oil  which  should 
be  utilized,  and  it  is  therefore  recommended  to  place  in  the 
basement  of  the  refinery  a  tank  which  can  be  fed  by  steam. 
The  residues  collected  in  this  tank  are  boiled  by  direct  steam, 
and  after  an  addition  of  common  salt,  good  serviceable  oil  sep- 
arates in  two  or  three  hours. 

The  deposits  from  the  stirring-vats  may  also  be  otherwise 
utilized.  They  contain  not  only  the  carbonaceous  products  of 
decomposition  due  to  the  action  of  sulphuric  acid  upon  the 
mucilaginous  and  albuminous  portions,  but  also  combinations 
of  sulphuric  acid  with  fatty  acids — the  so-called  Fremy's  acids 
— oleo-sulphuric,  stearo-sulphuric,  palmito-sulphuric  and  gly- 
cero-sulphuric  acids.     These  acids  have  the  appearance  of  oil. 
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and  by  boiling  with  oil  are  again  resolved  into  sulphuric  acid 
and  fatty  acids.  Upon  this  decomposition  is  based  the  use  of 
sulphuric  acid  residue  from  oil  refineries  in  beet-sugar  factories, 
in  tawing  and  for  pickling  sheet-iron  intended  to  be  tinned. 


In  refining  with  sulphuric  acid,  Michaud  assists  the  mix- 
ing process  by  injecting  a  strong  current  of  air,  whereby  the 
decomposed  substances  are  forced  to  the  surface  in  the  form  of 
a  dark-colored  scum,  which  is  removed.  As  soon  as  the  scum 
appears  colorless,  the  introduction  of  air  is  interrupted  and  the 
oil  heated  by  the  direct  introduction  of  steam.  The  condensed 
water  absorbs  the  acid  and  is  discharged  from  time  to  time. 


The  oil-refining  boiler.  Fig.  201,  is  a  more  recent  apparatus, 
and  turbid  oils  treated  in  it,  in  a  short  time  become  bright. 

The  boiler  A  is  provided  with  the  coil  D,  which  proceeding 
from  the  lid  returns  to  it  after  many  turnings.  Upon  the  lid 
sits  a  pipe  carrying  a  vessel  R  with  the  air  ejector  E.  This 
ejector  produces  in  the  beginning  of  the  operation  a  vacuum 
in  the  upper  part  of  the  boiler,  which  is  filled  about  two-thirds 
with  oil. 

When  the  vacuum  becomes  larger,  fresh  atmospheric  air  en- 
ters through  the  pipe  L  and  produces  a  lively  motion  in  the  oil 
heated  by  the  coil  D. 

By  the  motion  of  the  oil  and  the  high  temperature,  the  water 
mechanically  fixed  is  removed  and  a  chemical  effect  exerted 
upon  the  oil  by  the  oxygen  of  the  air. 

Oil  treated  with  this  apparatus  is  as  bright  and  clear  as  if  it 
had  passed  through  all  the  refining  processes. 

Steam  may  also  be  introduced  into  the  apparatus.  The  pre- 
cipitates formed  deposit  rapidly  on  the  bottom,  and  can  be  re- 
moved through  the  cock  Z,  The  water  present  is  readily 
evaporated  by  adjusting  the  ejector. 

The  action  of  the  ejector  is  so  powerful  that  the  temperature 
is  increased  as  much  as  50^  F.    This  may  be  ascertained  by  the 
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OIL-REFIKING  BOILER. 

^,  boiler;  ^,  coil:  £,  kir-eicctor;  Z,  >ir-pipei   X.yeath  7*,  thermometer;  Z,  cock. 

the  thermometer  7*,  which  passes  into  the  boiler  and  is  required 
for  various  purposes. 

This  apparatus  is  of  special  importance  for  machine  and  table 
oils.     The  waste  and  loss  amount  to  scarcely  one  per  cent. 

Raymond-Combret  apparatus. — With  this  apparatus  the  oil  is 
purified  by  passing  it  in  fine  jets  through  different  acids  or  salt 
solutions. 

The  purification  is  effected  in  the  cylinder  B,  Figs.  202  and 
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203,  of  which  there  are  several  to  make  the  operation  a  contin- 
uous one.  The  oil  is  in  the  reservoir  A,  and  passes  through 
the  pipe  C  and  the  rose  D  to  the  iron  cylinder  B,  tinned  in- 
side.    The  latter,  which  has  a  somewhat  larger  diameter  near 

Fia  K13. 


::  AWARATUS.     GBNEKU.  A 

A,  oil  metvoir;  S,  three  purifying  cylinden;  C,  conduit  from  oil  teiervoiti  I>,  row  ; 

£,  pipe  ;  F,  •team-pipe  ;   C.  cock  for  deuiiDg  £  ;  //,  di»cb»rge  cock  ;   %  cock 

and   conduit  ;    A*,   discbarge-cock   Tor   water ;    L,  water  conduit ;  Af,  cock  for 

emptTing  S ;  N,  ta*trj  pump ;  O,  oil  condoiL 

the  top,  and  is  closed  with  a  lid,  is  filled  with  water.  The  pipe 
(T  conducts  the  oil  to  the  pipe  E,  which  is  connected  with  the 
steam-pipe  F,  by  means  of  which  the  purifying  liquids  can  be 
heated.  The  pipe  leading  downwards,  and  provided  with  the 
cock  G,  serves  for  cleaning  E. 
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Through  the  rose  D  the  oil  enters  the  cylinder  in  a  uniform 
manner,  passes  through  the  water  column,  or  a  column  of 
liquid  containing  various  acids  or  salts,  and  collects  in  the  top. 

Fig.  203. 


-r- 


J 


OIL  PURIFYING  APPARATUS.     PURIFYING  CYCLINDER. 

The  cock  //"serves  for  the  direct  discharge  of  the  oil,  while 
the  cock  T  conducts  it  into  the  next  cylinder  or  the  filtering 
apparatus. 
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The  level  of  the  water  in  the  cylinder  can  be  exactly  brought 
to  the  height  of  the  cocks  H  and  J  by  discharging  water 
through  the  cock  AT,  or  admitting  it  through  the  pipe  L, 

The  cylinder  B  is  emptied  through  the  cock  M,  In  arrang- 
ing several  cylinders,  they  must  be  so  placed  that  the  bottom 
of  the  upper  wider  portion  stands  somewhat  higher  than  the 
top  of  the  next  one,  so  that  the  oil  can  flow  by  gravity  from 
one  vessel  into  the  other,  thus  passing  through  all  the  cyl- 
inders and  reaching  the  filtering  apparatus  from  the  last  one 
through  the  pipe  J, 

It  is  of  great  advantage  to  place  small  rotary  pumps  N  in  the 
pipes  J  and  C  to  increase  the  velocity  of  the  flow  of  the  oil  to 
the  cylinder,  and,  if  necessary,  to  reconduct  the  oil  through  the 
pipe  O  to  the  bottom  of  the  same  cylinder. 

By  this  method  it  is  possible  to  use  various  chemical  sub- 
stances employed  in  the  purification  of  oil,  such  as  sulphuric 
acid,  solutions  of  chromates,  manganates,  etc.,  according  to  the 
effect  to  be  produced. 

Besides  purification  with  sulphuric  acid,  a  number  of  other 
methods  have  been  proposed,  the  best  being  Bareswil's,  which 
is  based  upon  an  incomplete  saponification. 

The  oil  is  compounded  with  two  to  three  per  cent,  of  quick- 
lime or  caustic  soda  lye  and  the  mixture  gradually  heated. 
The  soap  separated  forms  a  stiff  lather  enveloping  the  foreign 
substances,  which  become  insoluble  and  are  deposited,  together 
with  the  soap,  on  the  bottom.  The  supernatant  clear  oil  is 
separated  by  pouring  off  and  filtering  through  linen.  The 
residue  is  used  in  the  manufacture  of  soft  soaps. 

Liquid  caustic  ammonia,  used  by  R.  de  Kayser  for  the  same 
purpose,  has  the  disadvantage  of  forming  an  emulsion  difficult 
to  separate  from  the  fat. 

According  to  Dubrunfaut,  oil-cake  meal  stirred  together 
with  the  oil  aiid  allowed  to  stand  a  week  gives  clear  oil  without 
filtration.  The  ability  of  the  meal  to  absorb  impurities  is 
claimed  to  be  so  great  that  the  same  quantity  can  be  used  20  to 
30  times  in  succession.     The  exhausted  oil  cake  is  finally  sub- 
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jected  to  pressure,  which  is  troublesome,  and  then  yields  oil 
cake  scarcely  fit  for  feed. 

Instead  of  sulphuric  acid  R.  von  Wagner  used  a  concentrated 
solution  of  chloride  of  zinc,  which  does  not  act  upon  the  oil  but 
destroys  the  impurities.  For  lOO  parts  by  weight  of  oil  ij4 
parts  by  weight  of  chloride  of  zinc  solution  of  1.85  specific 
gravity  are  used. 

In  many  refineries  infusion  of  nut-galls  or  solution  of  tannin 
is  used  for  the  separation  of  the  albuminous  substances.  This 
method  gives,  however,  not  very  favorable  results,  as  the  separa- 
tion of  the  mucilaginous  substances  still  present  is  only  partly 
effected,  which  renders  clarification  very  difficult. 

As  is  well  known,  the  oil,  after  coming  from  the  press,  has  to 
repose  eight  days  or  longer  for  clarification.  On  account  of  a 
sudden  rise  in  the  market,  or  for  some  other  reason,  this  loss  of 
time  may  occasionally  be  of  great  disadvantage  to  the  manu- 
facturer. 

Experiments  in  clarifying  the  oil  with  a  centrifrugal  machine 
were  made  some  time  ago  by  Mr.  Mayer,  superintendents  of 
the  Hernals  oil  refinery,  but  have  been  abandoned,  the  results 
not  being  as  favorable  as  expected. 


CHAPTER  XIII. 

RENDERING  TALLOW  AND  LARD. 

Rendering  tallow.  This  operation  is  generally  conducted  ac- 
cording to  one  of  the  following  three  methods : — 

1 .  Over  an  open  fire. 

2.  Over  an  open  fire  with  sulphuric  acid. 

3.  By  steam. 

Rendering  over  an  open  fire  is  the  oldest  method.  The  fat, 
chopped  fine,  is  brought  into  a  copper  boiler  bricked  in  so  that 
only  the  bottom  comes  in  contact  with  the  fire.  A  small  per- 
centage of  water  is  added,  this  being  especially  necessary  in 
summer,  when  the  tallow  has  lost  much  moisture  by  evapora- 
tion. The  tallow,  which  is  enclosed  in  cellular  membranes, 
soon  begins  to  melt  after  the  fire  is  started,  and,  as  the  tem- 
perature in  the  boiler  increases,  runs  from  the  membranes, 
which  are  burst  by  the  heat.  The  mixture  of  fat  bubbles  and 
water  gives  to  the  liquid  a  milky  appearance,  but  after  the 
evaporation  of  the  greater  portion  of  water,  the  cell  membranes 
become  more  contracted  and  the  fat  appears  clear. 

During  the  entire  period  of  heating,  which  lasts  one  to  one 
and  a  half  hours,  the  mass  must  be  constantly  stirred  with  a 
wooden  paddle  to  prevent  the  membranous  substances  from 
settling  on  the  bottom  and  scorching. 

When  the  fat  ceases  to  throw  up  bubbles  and  appears  clear 
on  the  surface,  the  fire  is  slackened  and  preparation  made  for 
the  separation  of  the  fat  from  the  greaves  or  cracklings,  as  the 
membranous  residue  is  called. 

For  this  purpose  the  greaves  are  pressed  down  by  a  strong 
sieve  or  copper  .«heet,  and  the  tallow  penetrating  through  the 
meshes  is  ladled  upon  a  linen  cloth  into  a  filtering  basket  rest- 
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ing  upon  another  boiler,  to  remove  the  impurities  as  much  as 
possible.  When  all  the  tallow  is  ladled  out  and  the  greaves 
freed  as  much  as  possible  from  fat  by  compression,  the  latter 
are  placed  in  a  woolen  or  hair-cloth  press-bag  and  the  fat  re- 
tained by  them  regained  by  pressure  with  an  ordinary  screw- 
press. 

Generally  speaking,  80  to  82  per  cent,  of  rendered  tallow  and 
10  to  IS  per  cent,  of  greaves  are  obtained,  though  very  pure, 
dry  tallow  may  yield  as  much  as  90  per  cent,  and  more. 

The  greaves  were  formerly  burnt  under  the  boiler  or  fed  to 
dogs,  chickens,  and  hogs.  But  in  many  places  they  form  at 
present  an  article  of  commerce,  as  they  contain  about  ten  per 
cent,  of  fat,  which  can  be  extracted  by  a  suitable  solvent,  such 
as  benzine  or  carbon  disulphide,  and  used  in  the  manufacture  of 
lubricants.  The  exhausted  residue,  if  not  burnt,  is  used  in  the 
manufacture  of  glue,  potassium  ferrocyanide,  or  manure. 

On  account  of  the  noisome  odors  developed,  rendering  tallow 
over  an  open  tire  is  not  allowed  in  most  cities  or  in  the  neigh- 
borhood of  habitations,  without  suitable  arrangements  for  the 
removal  of  the  noxious  gases. 

The  simplest  method  is  to  provide  the  boiler  with  a  well- 
fitting  lid  with  a  pipe  through  which  the  gases  escape  into  the 
chimney,  and  hence  into  the  higher  strata  of  the  air.  There 
must  be,  further,  a  stirring  apparatus,  consisting  of  a  shaft 
standing  in  the  centre  of  the  boiler  and  provided  below  with 
arms  and  on  top  with  a  crank.  Through  the  opening  in  the 
lid  through  which  the  stirring  apparatus  passes,  air  is  sucked  in 
by  means  of  the  chimney,  and  the  gases  are  carried  off. 

This  can,  however,  only  be  effected  with  a  very  strong 
draught,  as  otherwise  the  gases  would  escape  through  the  open- 
ing before  reaching  the  chimney. 

This  arrangement  is  rather  incomplete,  but  good  results  are 
obtained  by  burning  the  gases  in  the  manner  shown  by  Figs. 
204,  205,  and  206. 

There  are  16  boilers  A,  each  provided  with  a  helmet  B,  with 
a  pipe- like  shoulder,  and  the  man-hole   C  for  charging  and 
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emptying  A.  The  helmet  B  is  connected  with  the  suction  flue 
H,  about  2^  feet  high  and  i  ^  feet  in  diameter,  which  carries 
the  gases  under  a  small  furnace  G,  placed  directly  on  the  foot 
of  the  chimney  E  and  heated  to  a  white  heat,  where  they  are 
completely  burned. 

Fig.  304- 


^,  boiler;  ^.helmet;  C,  man-hole;  Z>,  fire-place  for  each  boiler;  £,  chimney;  F, 
imoke-flue  for  all  the  lire  places;  G,  auxiliai;  fuinace;  H,  ■uction-floc  toward  G; 
y,  opening  for  the  admittance  of  air;  A*,  perforated  plate;  Z,  Gre-proof  vault ;  jV, 
vertical  ilide;  N,  horizontal  ilide;  O,  vertical  ilide. 

The  flue  ^connects  all  the  fire-places  with  the  chimney  E. 
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For  very  large  establishments  an  opening  J  is  provided  (or 
the  admittance  of  air,  in  case  the  gases,  on  arriving  under  G, 
should  not  contain  sufficient  oxygen  for  their  complete  com- 
bustion. 

Between  the  suction-flue  F  and  the  furnace  G  i&  a  perforated 
plate  fC.  The  gases  passing  through  these  perforations  arrive 
under  C  in  a  divided  state.     The  products  of  combustion  of  G 


and  of  the  gases  and  vapors  entering  through  K,  pass  through 
openings  into  the  fire-proof  vault  L,  and  thence  into  the  chim- 
ney £.  Coke  is  burned  in  the  furnace  G,  so  that  the  products 
of  combustion  contain  as  little  aqueous  vapor  as  possible. 

Af  is  a  vertical  slide  to  interrupt  the  connection  between  G 
and  E,  while  the  horizontal  slide  A'' serves  for  establishing  con- 
nection between  the  flue  //  and  the  flue  F,  to  carry  ofT  the 
vapors  through  one  of  these  flues  while  the  fire  is  kindled  in  G. 
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By  another  vertical  slide  O,  the  smoke  from  the  fire-places 
can  also  be  conducted  through  the  fire  place  of  G,  provided 
the  horizontal  slide  N  be  open. 

Rendering  with  acid. — The  method  most  in  use  in  recent 
times  is  to  render  the  tallow  with  an  addition  of  dilute  sulphuric 
acid  over  an  open  fire. 

no.  906. 


The  sulphuric  acid  effects  the  chemical  destruction  and  open- 
ing of  the  cells.  For  100  parts  by  weight,  20  parts  by  weight 
of  water  compounded  with  j4  to  i}4  parts  by  weight  of  sul- 
phuric acid  are  used. 

Though  this  method  has  not  so  many  disadvantages  as  the 
preceding  one,  great  care  must  nevertheless  be  exercised  to  re- 
move the  noisome  exhalations  developed,  which,  however,  can- 
not be  effected  by  combustion. 
VOL.  1 — as 
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Vohl's  apparatus  (Fig.  207)  is  well  adapted  for  the  purpose. 
It  consists  of  the  cast-iron  boiler  A,  lined  with  lead,  the  cylin- 
drical head-piece  B,  and  the  lid  C,  which  is  provided  with  a 
mica  plate  D ;  another  mica  plate  is  in  the  door  E,  both  serv- 
ing for  observing  the  processes  in  the  interior  of  A,  At  night  a 
light  is  placed  over  the  mica  plate  in  the  lid. 


A,  boiler;  B,  cylindrical  head-piece;  C,  lid;  D,  mica  pUte;  E,  dooi;  F,  cock  for  the 
diichtrge  ot  the  tallow;  (7,  cock  (01  the  diKbarge  o(  the  acid  liquid;  H,  giite;  J, 
conaecting  pipe  betweCD  the  boilei  and  condeniing  box  K;  L,  lid  of  condensing 
box;  M,  und  packing;  N,  diichaige-pipe ;  O,  pipe  for  non-condenied  gasei;  P, 
condcDKi:  Q,  diicbarge-pipe ;  S,  outlet;  .S,pipe  for  non-condenied  gMCt;  T,  floe 
for  Don-condenKd  £■*£*;  U,  uh-pit;   V,  flue. 

The  tallow  is  introduced  through  the  door  B,  which  also 
serves  to  close  hermetically  the  cast-iron  head-piece  B.  After 
the  operation  of  rendering  is  finished  the  tallow  is  dischai^ed 
through  the  cock  F  and  the  acid  liquid  through  the  cock  G, 
while  the  cracklings  or  greaves  remaining  upon  a  perforated 
plate  in  the  boiler  are  removed  through  the  door  E. 
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The  gases  and  vapors  developed  during  rendering  in  the 
boiler  A  pass  through  the  pipe  y  into  the  condensing  box  AT. 
The  latter  is  closed  with  the  lid  L,  provided  with  sand  packing 

In  the  interior  of  AT  are  oblique  scaffolds  covered  with  decom- 
posed lime.  The  box  itself  consists  of  wood  saturated  with 
asphaltum  or  tar.  The  water  condensed  in  it  runs  o£f  through 
the  pipe  N,  the  escape  of  gases  being  prevented  by  the  curva- 
ture of  R  forming  a  trap. 

The  gases  and  vapors  not  condensed  in  JC  pass  through  the  pipe 
Q  into  the  condenser  P,  which  is  lined  with  lead  and  filled  with 
coke  or  pumice-stone  saturated  with  sulphuric  acid.  The  liquid 
collected  here  passes  through  the  pipe  Qto  the  discharge-pipe  R. 

The  non-condensed  gases,  etc.,  are  finally  conducted  through 
the  pipe  S  into  the  channel  T,  which  leads  into  the  ash-pit  U 
under  the  grate  of  the  fire-place  //. 

The  non-condensed  gases,  etc.,  being  almost  completely 
freed  from  aqueous  vapors  by  passing  through  the  condensers, 
can  be  unhesitatingly  admitted  under  the  grate  without  fear  of 
disturbing  the  draught. 

The  ash-pit  U  is  closed  with  an  iron  door,  whereby  a  strong 
draught  is  produced  which  sucks  all  the  gases  from  the  appara- 
tus into  the  grate.  The  gases  of  combustion  escape  to  the  flue 
V,  which  leads  to  the  chimney. 

Rendering  by  steam, — ^An  apparatus  for  rendering  tallow  by 
steam  is  shown  in  Fig.  208.  Its  principal  advantage  consists 
in  the  complete  destruction  of  the  noxious  vapors  and  the 
safety  from  explosions,  as  the  fat  in  the  digester  is  melted  very 
gradually. 

The  apparatus  consists  of  two  parts,  a  boiler  or  digester  and 
a  furnace  for  burning  the  developed  gases  and  vapors,  both  be- 
ing connected  by  the  pipe  J.  The  digester,  which  receives 
the  fat  to  be  rendered,  consists  of  the  steam-tight  cylindrical 
boiler  A^  surrounded  by  the  jacket  B. 

To  secure  greater  solidity,  as  the  digester  must  stand  a  hy- 
draulic pressure  of  seven  atmospheres,  the  bottoms  are  con- 
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nected  with  the  inner  walls  by  the  rods  D,  and  the  jacket  by 
stays.  The  steam-pipes  C,  which  serve  for  uniformly  heating 
the  fat,  contribute  also  to  the  strengthening  of  the  digester. 

Underneath  the  digester,  which  rests  upon  supports,  is  a  fire- 
place, from  which  the  gases  of  combustion,  after  passing 
through  the  flues  G  in  the  brickwork  over  as  large  a  surface  of 
the  digester  as  possible,  escape  into  the  chimney. 


A,  digeUet;  J,  jicket,  C,  itcain-pipei;  A  strFngthcniDgrod*;  f,  man-bole;  F,  open- 
ing for  temonl  of  teiiduei  C,  Dun;  //,  gralei  J,  connecting  pipet;  K,  nutno- 
metei  of  jacket;  Z,  manomeler  of  digntcr:  M,  pipe  with  ■trainer;  jV,tirivcI)oinl; 
0,  pipe  lystem  1  /*,  burnera;  ^,  opening  and  air-chambei ;  ^,  grate;  .S,  small  jnpe ; 
7",  chimney;  U,  diicharge-pipe. 

The  digester  is  filled  through  the  man-hole  £,  and  the  mem- 
branous residue  removed  through  the  opening  F. 

The  pipe  M,  turning  in  the  swivel  joint  N,  and  provided  on 
the  end  with  a  strainer  to  prevent  the  escape  of  foreign  sub- 
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stances,  serves  for  the  removal  of  the  liquid  fat.  With  the  pipe 
M  communicates  the  discharge-pipe  Uy  by  which  the  liquid  fat 
can  be  conveyed  to  any  desired  place  by  the  pressure  prevail- 
ing in  the  digester  A, 

The  gases  and  vapors  developed  in  rendering  escape  through 
the  connecting  pipe  J  into  an  Argand  furnace,  so  called  by  the 
inventor. 

The  gases  pass  here  first  through  the  heated  pipe  system  O^ 
and  enter  from  below  four  burners,  P^  symmetrically  arranged 
in  a  circle,  where  they  are  mixed  with  atmospheric  air,  ignited, 
and  burned. 

The  gases  of  combustion,  in  ascending,  pass  around  the 
spirals  O  and  escape  through  the  chimney  T, 

The  air  required  for  combustion  enters  at  j2>  ii^  the  upper 
part  of  the  furnace,  an  air-chamber  in  the  brickwork,  where  it 
is  heated  and  passes  from  below  into  the  burners. 

To  promote  the  draught  in  the  digester,  the  small  pipe  5  con- 
ducts heated  gas  into  the  space  below  the  grate  R, 

The  operation  of  rendering  the  tallow  is  conducted  as  follows : 

After  filling  the  jacket  B  with  water  to  the  highest  point  of 
the  flues,  and  heating  the  boiler,  the  digester  A  is  charged  with 
the  fat  to  be  rendered,  care  being  had  to  place  the  strainer  M 
at  its  highest  point.  The  Argand  furnace  is  heated  at  the  same 
time  by  kindling  a  fire  upon  the  grate  R. 

As  soon  as  the  manometer  K  indicates  a  moderate  pressure 
the  cock  on  the  discharge-pipe  J  is  opened  and  the  gases  es- 
cape to  the  combustion  furnace,  where,  in  the  meantime,  suffi- 
cient heat  must  be  developod  to  assure  complete  combustion 
of  the  noisome  vapors. 

The  heating  of  the  digester  is  so  regulated  that  the  tension 
of  the  steam  in  the  jacket  is  not  over  4  atmospheres,  and  the 
pressure  in  the  digester  not  over  2.5. 

To  recognize  the  moment  of  complete  melting,  samples  are 
from  time  to  time  taken  through  the  pipe  U, 

Figs.  209  and  210  exhibit  a  plant  for  obtaining  tallow  from 
animal  crude  fat,  constructed  by  W.  Gellhorn,  H.  Flottmann 
&  Co. 


390 


ANIMAL  AND  VEGETABLE   FATS  AND   OILS. 


The  crude  fat  to  be  melted  is  brought  into  the  rendering 
kettle  A^  and  rests  upon  a  grate  B  covered  with  fine  felt. 

The  rendering  kettle  is  located  in  the  basement,  the  neck 
projecting  into  the  first  story  where  all  the  other  apparatuses 
are  placed,  much  time  in  handling  and  charging  being  thus 
saved. 

Fig.  209. 


TALLOW- RENDERING  PLANT. 

Section  through  the  rendering  house. 

At  reDdering  kettle;  B^  grate  with  filter;  C,  Bteam-boiler;  A  steam-pipe;  E,  branch 
of  D  towards  A;  F,  branch  of  D  towards  A;  G,  valve  in  £;  H^  valve  in  F;  % 
valve;  K^  conduit  to  condenser;  Z,  valve  in  K;  M,  condenser;  A\  receiver;  O, 
water-conduit;  Ft  conduit  for  gases  to  the  fire-box;  Q,  discbarge-pipe;  F^  dis- 
charge-pipe; St  general  discharge-pipe;  7*,  man-hole;  U^  conduit  firom  A  to  W, 
V,  valve  in  U;  fV,  clarifying  back;  X,  conduit  from  A  to  V;  K,  clarifying  kettle; 
Z,  steam-conduit  to  F. 

The  rendering  kettle  is  constructed  of  boiler-plate,  and  to 
prevent  radiation  of  heat,  surrounded  by  a  sheet-iron  jacket 
stuffed  with  slag-hair. 
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The  rendering  kettle,  A,  being  filled  with  crude  fat,  sufficient 
water  is  added  to  cover  the  latter,  and  the  neck  closed  steam- 
tight  with  a  cover. 

From  the  boiler  C  the  pipe  D  conveys  steam  into  the  render- 
ing house  to  above  the  kettle  Ay  where  it  branches  ofT  vertically 
downward  in  two  conduits  E  and  F,  the  latter  being  provided 
with  the  valves  G  and  H.  The  conduit  E  extends  nearly  to 
the  bottom  of  the  kettle  A, 

The  rendering  operation  commences  with  opening  the  valve 
G  on  the  conduit  E  and  admitting  steam  of  three  atmospheres 
pressure  beneath  the  grate  B  in  the  kettle  Ay  whereby  the 
water  is  brought  to  the  boiling  point  and  the  crude  fat  melted. 

The  entire  rendering  process  requires  5  hours;  during  this 
time  the  boilers  must  of  course  be  several  times  fed,  whereby 
the  pressure  of  the  steam  is  decreased.  Now  it  might  happen 
that  this  pressure  is  smaller  than  the  pressure  in  the  rendering 
kettle  Ay  and  the  contents  of  the  latter  would  be  forced  through 
the  branch  Ey  and  the  pipe  D  into  the  steam  boiler  C.  To  pre- 
vent this  a  valve  J  is  inserted  in  the  conduit  D,  To  observe 
the  pressure  a  manometer  is  also  fixed  in  the  conduit  D  and 
the  rendering  kettle  A,  In  case  of  great  differences  in  the  pres- 
sure the  valve  G  is  closed. 

After  one  hour  the  valve  G  is  closed  and  the  valve  in  the 
conduit  K  opened.  Steam  and  the  badly  smelling  gases 
evolved,  together  with  globules  of  fat  carried  along  from  the 
rendering  kettle  Ay  pass  into  the  condenser  My  which,  like  the 
receiver  N  connected  with  it,  is  filled  half  full  with  cold  water. 

The  pipe  K  is  continued  in  the  interior  of  the  condenser  and 
leads  to  below  the  level  of  the  water. 

Sufficient  water  to  condense  the  steam  and  fix  the  badly- 
smelling  gases  on  the  water  flows  in  through  the  conduit  K. 

The  non-condensed  gases  pass  together  with  the  precipitated 
particles  of  fat  and  the  heated  water  into  the  receiver  N.  The 
gases  not  remaining  in  the  receiver  pass  through  the  conduit  P 
behind  the  fire-bridge  of  the  boiler,  where  they  are  burned. 

To  maintain  the  level  of  the  water  constant  in  the  condenser 
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M  and  the  receiver  N,  the  pipe  Q  bent  downward  in  the  re- 
ceiver N  carries  off  as  much  warm  water  as  cold  water  flows  in ; 
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the  warm  water  passes  into  the  waste-pipe  R  and  from  there 
into  the  general  discharge-pipe  S,  which  leads  to  a  place  out- 
side the  building,  where  the  water,  etc.  is  mixed  with  earth ;  to 
be  finally  used  as  fertilizer. 

The  fat  accumulating  in  time  in  the  receiver  A^  is  occasion- 
ally removed  through  the  man-hole  71  For  emptying  and 
cleansing  the  condenser  and  receiver,  discharge  cocks  leading 
to  the  conduit  5  are  provided. 

The  condenser  M,  receiver  N  and  the  rendering  kettle,  are 
constructed  of  boiler-plate. 

When  the  gas  has  been  carried  off,  the  admission  of  water  to 
the  condenser  is  interrupted  and  the  rendering  kettle  A  shut 
off  from  the  condenser  M  by  closing  the  valve  L.  Through 
the  valve  G  fresh  steam  is  now  introduced  into  the  rendering 
kettle  A,  and  rendering  of  the  crude  fat  continued  for  4  hours. 
G  is  then  closed,  and  the  steam  and  gases  conducted  in  the 
above-described  manner  to  the  condenser  M. 

If  the  manometer  on  the  rendering  kettle  A  indicates  no 
more  pressure,  the  kettle  is  shut  off  from  all  conduits  and 
other  apparatuses,  and  allowed  to  rest  for  one  hour,  whereby 
the  first  clarifying  of  the  rendered  fat  from  admixed  solid  resi- 
dues and  dirt  takes  place. 

The  valve  H  in  the  conduit  F  is  then  opened ;  steam  now 
enters  the  kettle  from  above  and  presses  upon  the  surface  of 
the  fat  standing  upon  a  layer  of  water.  After  opening  the 
valve  V  the  water  and  fat  in  the  kettle  A  ascend  through  the 
pipe  E  and  pass  through  the  pipe  [/  into  the  clarifying  back 
W.  The  water  flows  in  first,  and  finally  the  tallow  freed  from 
the  coarsest  dirt  and  the  solid  residues  by  the  filter  B.  The 
residues  are  removed  from  B  through  the  lower  portion  of  the 
rendering  kettle  A,  which  must  of  course  be  closed  steam-tight 
during  the  rendering  operation. 

The  clarifying  back  of  boiler  plate  should  have  as  large  a  sur- 
face as  possible,  and  serves  for  separating  particles  of  dirt 
which  either  sink  to  the  bottom,  or  form  a  thin  layer  on  top. 

The  fat    remains  in    the  clarifying   back  M^  6  to  8  hours. 
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when  it  is  lifted  by  water,  admitted  slowly  through  the  conduit 
O  until  it  runs  off  through  the  pipe  X,  provided  with  a  cock, 
into  the  clarifying  kettle  Y.  The  dirt  deposited  in  the  clarify- 
ing back  W  and  the  water  are  discharged  through  a  pipe  pro- 
vided with  a  cock. 

The  clarifying  kettle  K  is  a  double- walled  wrought  iron  ves- 
sel capable  of  withstanding  the  same  pressure — 3  atmospheres 
— used  in  the  rendering  kettle  A  ;  to  prevent  radiation  of  heat 
it  is  provided  with  a  sheet-iron  jacket  stuffed  with  slag-hair. 

The  clarifying  kettle  Y  is  partially  filled  with  pure  cold  water. 
The  fat  is  then  admitted  from  the  clarifying  back  W^  and  the 
whole  heated  to  gentle  boiling  by  conducting  steam  from  the 
pipe  D  through  the  pipe  F  between  the  walls  of  the  kettle. 

After  gently  boiling  for  one  hour,  during  which  time  the 
scum  forming  on  the  surface  is  from  time  to  time  removed,  the 
valve  in  the  conduit  Z  is  closed,  and  the  steam  and  condensed 
water  conducted  through  the  pipe  5  to  a  place  outside  the 
building. 

When  the  mass  in  the  clarifying  kettle  has  cooled  off  so  far 
that  the  fat  commences  to  solidify,  the  water,  and  next  the  dirt, 
are  discharged  through  a  pipe  projecting  into  the  cellar.  The 
pure  fat  is  then  drawn  off  into  barrels  for  shipment. 

During  the  warm  season  of  the  year  cold  water  is  admitted 
through  the  conduit  O  between  the  walls  of  the  clarifying  kettle 
y,  to  accelerate  the  solidification  of  the  fat. 

With  this  apparatus  periectly  pure  tallow  is  obtained. 

There  are  many  other  apparatuses  of  various  construction, 
more  or  less  well  adapted  for  rendering  tallow ;  but  we  will  only 
mention  two  other  methods,  one  relating  to  the  rendering  and 
the  other  to  the  disinfecting  process. 

I.  Evrad's  rendering  method  of  treating  the  crude  tallow 
with  dilute  solution  of  caustic  soda,  whereby  the  noisome  fatty 
acids  are  fixed,  has  received  less  attention  than  it  deserves.  It 
requires  oniy  a  temperature  not  exceeding  2I2°F.  For  the 
purpose,  TOO  parts  by  weight  of  tallow  are  mixed  with  the  same 
quantity  of  a  i  to  i  J^  per  cent,  of  soda  lye  and  the  mixture 
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heated  by  steam.  The  alkali  causes  the  cell  tissue  to  swell  up ; 
the  fat  floating  on  the  surface  is  kept  fluid  for  a  few  hours, 
whereby  it  clarifies,  and  is  Anally  washed  with  water. 

For  old  fat  the  method  is,  however,  not  suitable.  Disagree- 
able vapors  of  ammonia  are  developed;  on  heating,  the  fat 
foams  strongly  and  its  separation  from  the  emulsive  lye  is 
difficult. 

2.  According  to  Stein,  boilers  with  a  false  perforated  bottom, 
upon  which  the  greaves  remain  so  that  they  cannot  be  scorched, 
are  provided  with  perforated  lids  covered  with  linen,  upon 
which  are  placed  alternate  layers  of  lime  and  charcoal.  The 
developed  gases  and  vapors,  it  is  claimed,  are  rendered  inodor- 
ous by  passing  through  these  layers,  which  however  must  be 
renewed  with  every  fresh  charge  of  tallow. 

Rendering  lard. — ^The  rendering  of  lard  is  connected  with  no 
inconveniences  whatever,  and  is  effected  either  over  an  open 
fire  or  by  steam.  The  small  quantity  of  lard  made  by  butch- 
ers is  usually  "  kettle-rendered,"  after  the  manner  practiced  by 
farmers  in  making  lard  for  home  consumption.  The  scraps  are 
often  saved  up  for  a  considerable  time  by  the  butchers  before 
rendering,  and  that  is  likely  to  increase  the  free  acid  present. 
This  lard  is  also  frequently  dark-colored,  and  contains  a  con- 
siderable quantity  of  glue. 

Fig.  211  represents  the  type  of  apparatus  used  for  rendering 
lard  under  pressure.  The  rendering  vessel  is  made  of  boiler 
iron  or  steel,  and  varies  in  size  according  to  the  magnitude  of 
the  establishment.  A  very  common  size  is  10  to  12  feet  in 
length  and  3  to  5  feet  in  diameter.  The  heads,  scraps  and 
other  materials  are  put  in  at  M.  When  the  tank  is  full  M  is 
closed.  Steam  is  admitted  through  the  pipe,  thus  marked,  and 
condensed  water  drawn  ofl*  through  the  water  pipe.  Through 
the  cocks  at  D  the  depth  of  lard  in  the  tank  can  be  determined 
and  the  lard  drawn  off.  When  the  process  is  finished  and  the 
lard  drawn  off,  the  bottom  G  is  opened  and  the  ''  tankage'' 
withdrawn  and  dried  for  fertilizing  purposes. 


396  ANIMAL  AND  VEGETABLE  FATS  AND  OILS. 

Fig.  311. 
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Kinds  of  lard, — G.  W.  Wiley*  classifies  lard  as  follows :  Ac- 
cording to  the  parts  of  the  fat  used  and  the  methods  of  render- 
ing it,  lard  is  divided  into  several  classes.  From  material  used 
the  following  classification  may  be  made : 

1 .  Neutral  lard  is  composed  of  the  fats  derived  from  the  leaf 
of  the  slaughtered  animal,  taken  in  a  perfectly  fresh  state.  The 
leaf  is  either  chilled  in  a  cold  atmosphere  or  treated  with  cold 
water  to  remove  the  animal  heat.  It  is  then  reduced  to  a  pulp 
in  a  grinder  and  passed  at  once  to  the  rendering  kettle.  The 
fat  is  rendered  at  a  temperature  of  105°  to  120°  F.  Only  a  part 
of  the  lard  is  separated  at  this  temperature,  and  the  rest  is  sent 
to  other  rendering  tanks  to  be  made  into  another  kind  of  pro- 
duct. The  lard  obtained  as  above  is  washed  in  a  melted  state 
with  water  containing  a  trace  of  sodium  carbonate,  sodium  chlo- 
ride, or  a  dilute  acid.  The  lard  thus  formed  is  almost  neutral, 
containing  not  to  exceed  0.25  per  cent,  free  acid;  but  it  may 
contain  a  considerable  quantity  of  water  and  some  salt.  This 
neutral  lard  is  used  almost  exclusively  for  making  butterine 
(oleomargarine). 

2.  Leaf  Lard.  The  residue  unrendered  in  the  above  process 
is  subjected  to  steam-heat  under  pressure,  and  the  fat  thus  ob- 
tained is  called  leaf-lard.  Formerly  this  was  the  only  kind  of 
lard  recognized  by  the  Chicago  Board  of  Trade,  and  was  then 
made  of  the  whole  leaf. 

3.  Choice  kettle-rendered  lard;  choice  lard, — ^The  quantity  of 
lard  required  for  butterine  does  not  include  all  of  the  leaf  pro- 
duced. The  remaining  portions  of  the  leaf,  together  with  the 
fat  cut  from  the  backs,  are  rendered  in  steam-jacketed  open 
kettles  and  produce  a  choice  variety  of  lard  known  as  "  kettle- 
rendered."  The  hide  is  removed  from  the  back  fat  before 
rendering,  and  both  leaf  and  back  fat  are  passed  through  a  pulp- 
ing machine  before  they  enter  the  kettle.  Choice  lard  is  thus 
defined  by  the  regulations  of  the  Chicago  Board  of  Trade : 

"  Choice  lard  to  be  made  from  leaf  and  trimmings  only,  either 

*U.  S.  DqMitment  of  Agricnltare,  Division  of  Giemistry.  Bulletin  No.  13,  Wash- 
ington, 1889. 


398  ANIMAL  AND  VEGE1*ABLE   FATS   AND   OILS. 

Steam  or  kettle-rendered,  the  manner  of  rendering  to  be 
branded  on  each  tierce." 

4.  Prime  steam  lard, — ^The  prime  steam  lard  of  commerce  is 
made  as  follows :  The  whole  head  of  the  hog,  after  the  removal 
of  the  jowl,  is  used  for  rendering.  The  heads  are  placed  in  the 
bottom  of  the  rendering  tank.  The  fat  is  pulled  off  the  small 
intestines  and  also  placed  in  the  tank.  Any  fat  that  may  be 
attached  to  the  heart  of  the  animal  is  also  used.  In  houses 
where  kettle-rendered  lard  is  not  made,  the  back  fat  and  trim- 
mings are  also  used.  When  there  is  no  demand  for  leaf  lard 
the  leaf  is  also  put  into  the  rendering  tank  with  the  other  por- 
tions of  the  body  mentioned.  It  is  thus  seen  that  prime  steam 
lard  may  be  taken  to  represent  the  fat  of  the  whole  animal,  or 
only  portions  thereof.  The  quantity  of  fat  afforded  by  each 
animal  varies  with  the  market  to  which  the  meat  is  to  be  sent. 
A  hog  trimmed  for  the  domestic  market  will  give  an  average  of 
about  40  pounds,  while  from  one  destined  for  the  Engiish  mar- 
ket only  about  20  pounds  of  lard  will  be  made.  Prime  steam 
lard  is  thus  defined  by  the  Chicago  Board  of  Trade : 

''  Standard  prime  steam  lard  shall  be  solely  the  product  of 
the  trimmings  and  other  fat  parts  of  the  hogs  rendered  in  tanks 
by  direct  application  of  steam,  and  without  subsequent  change 
in  grain  or  character  by  the  use  of  agitators  or  other  machinery, 
except  as  such  change  may  unavoidably  come  from  transporta- 
tion. It  shall  have  proper  color,  flavor  and  soundness  for 
keeping,  and  no  material  which  has  been  salted  shall  be  in- 
cluded. The  name  and  location  of  the  renderer  and  the  grade 
of  the  lard  shall  be  plainly  branded  on  each  package  at  the 
time  of  packing." 

This  lard  is  passed  solely  on  inspection ;  the  inspector  having 
no  authority  to  supervise  rendering  establishments  in  order  to 
secure  a  proper  control  of  the  kettles.  According  to  the 
printed  regulations,  any  part  of  the  hog  containing  fat  can  be 
legally  used. 

Since  much  uncertainty  exists  in  regard  to  the  disposition  of 
the  guts  of  the  hog,  H.  W.  Wiley  has  carefully  investigated  the 
subject  and  gives  the  results  of  his  study  as  follows : 
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5 .  Guts. — The  definition  of  the  term  as  used  by  hog  packers 
is :  Everything  inside  of  a  hog  except  the  lungs  and  heart,  or, 
in  other  words,  the  abdominal  viscera  complete.  The  material 
is  handled  as  follows : 

When  the  hog  is  split  open  the  viscera  are  separated  by  cut- 
ting out  the  portion  of  flesh  surrounding  the  anus  and  taking  a 
strip  containing  the  external  urino-generative  organs.  The 
whole  viscera  are  thrown  on  a  table  and  divided  as  follows : 
The  heart  is  thrown  to  one  side  and  the  fatty  portion  trimmed 
ofT  for  lard.  The  rest  goes  into  the  ofTal  tank  or  sausage. 
The  liver  and  lungs  goes  into  the  oflTal  tank  (or  sausage).  The 
rectum  and  large  intestines  are  pulled  from  the  intestinal  fat 
and  peritoneum  and,  along  with  the  adhering  flesh  and  genito- 
urinary organs,  sent  to  the  trimmer.  All  flesh  and  the  above- 
mentioned  organs  are  trimmed  off  and  the  intestine  proper  is 
used  for  sausage  casings.  The  trimmings,  including  the  genito- 
urinary organs,  are  washed  and  dumped  into  the  rendering 
tank.  The  small  intestine  is  also  pulled  from  the  fatty  mem- 
brane surrounding  it  and  saved  for  sausage  casings.  The  re- 
maining material,  consisting  of  the  peritoneum,  diaphragm, 
stomach,  and  adhering  membranes,  together  with  the  intestinal 
fat,  constitute  the  ''  guts  "  which  are  undergoing  the  process  of 
washing,  which  is  usually  conducted  in  three  or  four  different 
tanks.  As  the  "  guts  "  pass  into  the  first  tank  the  stomach  and 
peritoneum  are  split  open,  and  also  any  portions  of  the  intestines 
which  sometimes  adhere  to  the  peritoneum.  After  receiving  a 
rough  wash  they  are  passed  from  tank  to  tank,  when,  after  the 
third  or  fourth  wash,  they  are  ready  for  the  rendering  tank. 
The  omentum  fat  is  cut  from  the  kidneys,  and  the  kidneys  with 
a  little  adhering  fat  go  into  the  rendering  tank.  Spleen  and 
pancreas  go  into  the  rendering  tanks,  as  do  also  the  trachea, 
vocal  chords  and  oesophagus.  To  sum  up,  it  is  safe  to  say  that 
everything  goes  into  the  rendering  tank,  with  the  following  ex- 
ceptions : 

1 .  The  intestines  proper,  which  are  saved  for  sausage  casings. 

2.  The  liver  and  lungs. 

3.  That  part  of  the  heart  free  from  fat. 
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higher  fusing  point  than  the  substances  poor  in  oil,  and  having 
also  a  higher  solidifying  point,  these  properties  are  made  use  of 
for  the  separation  of  the  solid  from  the  fluid  parts. 

For  this  purpose  the  tallow  in  lots  of  4500  to  6500  lbs.  is 
melted  in  wooden  tanks  provided  with  steam-coils.  The  tanks 
are  then  closed  carefully  and  allowed  to  stand  8  to  10  days  in 
a  room  having  a  temperature  of  32  to  36^  F.  below  the  melting 
point  of  the  tallow.  By  this  slow  cooling  the  solid  masses  of 
fat  crystallize  in  hard  grains  from  the  fluid  portions  and  deposit 
in  large  conglomerate  cauliflower-like  masses  on  the  bottoms 
and  sides  of  the  tanks.  The  clear  fluid  portion  remains  in  the 
center  of  the  tank  and  is  drawn  oflf  through  a  cock.  The 
crystalline  mass  when  drained  ofT  is  melted  with  water.  On 
cooling,  the  melted  crystalline  mass  solidifies  to  hard  crystalline 
loaves  which  can  be  directly  used  for  the  manufacture  of  the 
better  qualities  of  candles. 

For  bleaching  tallow  with  chemicals,  three  methods  are  prin- 
cipally in  use:  i,  with  chromic  acid;  2,  with pyrolusite;  and  3, 
with  hypochlorites^  as  follows: — 

1.  220  pounds  of  the  yellow-gray  tallow  to  be  bleached  and 
melted  with  2.2  pounds  of  sulphuric  acid  previously  diluted 
with  i^  gallons  of  water;  i.i  pounds  of  powdered  potassium 
dichromate  added,  and  the  whole  gradually  brought  to  the 
boiling  point. 

When  cold  the  acid  liquid  is  removed,  and  the  tallow  washed 
with  water. 

2.  The  treatment  with  pyrolusite  is  similar  to  the  preceding. 
To  220  pounds  of  tallow  add  2.1 1  pints  of  sulphuric  acid,  pre- 
viously diluted  with  75^  gallons  of  water;  after  melting  add  2.2 
pounds  of  powdered  pyrolusite. 

The  mass  becomes  gradually  black,  then  bluish,  and  finally 
white,  when  the  tallow  is  washed. 

3.  For  bleaching  with  hypochlorites  melt  220  pounds  of 
tallow  with  2.2  pounds  of  soda,  dissolved  in  2^  gallons  of 
water,  then  add  a  clear  solution  of  3.3  pounds  of  chloride  of 
lime  in  7  gallons  of  water,  heat  to  the  boiling  point,  and  gradu- 


REFINING  TALLOW — HARDENING,  BLEACHING.  403 

ally  and  carefully  add  a  slight  excess  t>f  dilute  sulphuric  acid. 
The  mass  is  then  allowed  to  rest,  and  finally  washed. 

In  the  last  mode  of  bleaching,  a  combination  Of  chlorine  with 
glycerin — chlorhydrin — is  sometimes  formed,  which  volatilizes 
with  the  steam.  It  has  an  irritating  effect  upon  the  mucous 
membranes,  and  the  manipulation  should  therefore  be  carried 
on  under  a  well-drawing  chimney. 

It  frequently  happens  that  to  give  tallow  a  better  appearance, 
indigo,  Prussian  blue,  and  especially  blue  aniline  colors,  are 
added.  The  methods  for  detecting  these  substances  will  be 
found  under  **  Tallow." 


CHAPTER  XV. 

DESCRIPTIONS,  PROPERTIES,  ADULTERATIONS,  ETC.,  OF  OILS 

AND  FATS. 

I.  Glycerides  of  Oleic  Acid,  or  Non- drying  Oils 
A.  Oils  of  the  Vegetable  Kingdom. 

Minnosea  {Leguminosa^), 

Pentraclethra  macrophylla,  Benth.  The  seed  of  this  plant 
comes  from  the  west  coast  of  Africa,  where  it  is  known  under 
the  various  names  of  **  Owala**  "  Opochala,''  and  "  Nulla 
pansay  The  cotyledons  contain  48  to  49  per  cent,  of  oil, 
which  is  utilized  as  table  oil,  for  lubricating  purposes,  and  in 
the  manufacture  of  soap. 

Pithecolobium  dulce^  Benth.,  is  indigenous  to  the  Philippine 
Islands,  where  it  is  known  as  "  Coorookoopillyy  The  black 
shiny  seed  inclosed  in  an  aril  furnishes  an  oil  of  the  consist- 
ency and  nature  of  castor  oil. 

Parakia  biglandulosa,  Br.,  called  in  the  East  Indies  "  Igna" 
It  contains  1 8  per  cent,  of  oil. 

^denanthera  pavonina,  Linn.,  which  is  known  in  tropical 
India  as  '*  Kuchandana^  contains  about  35  per  cent,  of  oil. 

Entada  scandens,  Benth.  The  seed  of  this  plant,  known  in 
Bengal  and  Ceylon  as  "  Gilla^  and  in  Madagascar  as  *'  corial 
vegetal''  yields  about  30  per  cent,  of  oil. 

Caesalpiniacece  ( Leguminosce ) . 

I.  Peanut  oil,  earthnut  oil,  ground  oil,  arachis  oil,  (oleum 
arachidis,  Erdeichel  oel,  G.* ;   huile  de  pistache  de  terre,  Y\.) 

•  Gennan.  f  French. 

(  404  ) 
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This  oil  is  obtained  from  the  peanut,  the  fruit  of  Arachis  hypo- 
gaeUy  Linn.,  known  also  in  different  localities  as  the  earthnut, 
groundnut,  ground  pea,  goobar  and  pindar.  The  plant  is  a 
trailing,  straggling  annual,  growing  from  i  to  2  feet  high,  with 
thick,  angular,  pale  green,  hairy  stems,  and  spreading  branches, 
and  has  the  peculiar  habit  of  maturing  its  fruit  underground. 
Strictly  speaking  it  is  not  a  nut  at  all,  and  should  more 
properly  be  called  the  ground  pea.  Its  blossom  is  at  the  end 
of  k  long,  pedicle-like  calyx  tube,  the  ovary  being  at  the  base. 
After  the  fall  of  the  flower,  the  peduncle  or  '*  spike  "  elongates 
and  bends  downward,  pushing  several  inches  into  the  ground, 
where  the  ovary  at  its  extremity  begins  to  enlarge  and  develops 
into  a  pale  yellowish,  wrinkled,  slightly  curved  pod,  often  con- 
tracted in  the  middle,  containg  from  one  to  three  seeds. 
Should  the  **  spike  '*  by  accident  not  be  enabled  to  thrust  its 
point  in  the  ground,  within  a  few  hours  after  the  fall  of  the 
flower  it  withers  and  dies. 

Like  many  other  extensively  cultivated  plants,  the  peanut 
has  not  been  found  in  a  truly  wild  state,  and  hence  it  is  diflicult 
to  fix  upon  its  habitat.  So  widely  has  it  been  cultivated  in 
eastern  countries  that  some  botanists  have  attempted  to  trace 
its  spread  from  China  to  Japan,  thence  through  the  East  India 
Islands  to  India,  and  thence  to  Africa,  where  in  the  seventeenth 
century  it  was  so  extensively  cultivated  and  had  become  such 
an  important  article  of  native  food  that  the  slave  dealers  loaded 
their  vessels  with  it,  using  it  as  food  for  their  cargoes  of  cap- 
tives. But  the  weight  of  authority  seems  to  be  in  favor  of  ac- 
cepting it  as  a  native  of  Brazil,  thus  adding  the  peanut  to  the 
four  other  plants  of  commercial  importance  that  America  has 
contributed  to  the  agriculture  of  the  world,  namely,  cotton,  In- 
dian corn,  potato,  and  tobacco.  Though  it  may  be  a  native  of 
the  Western  Continent,  it  early  became  a  largely  cultivated 
plant  in  the  warmer  portions  of  the  Old  World,  occupying  a 
distinct  place  in  the  agriculture  of  those  countries  long  before 
its  merits  were  recognized  in  the  land  of  its  origin. 

Since  Jaubert,  in   1 840,  brought  the  first  peanuts  from  the 
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Cape  Verd  Islands  to  Marseilles,  and  it  was  found  that  in  the 
case  of  dearth  of  olives,  the  oil  pressed  from  them  might  com- 
pete with  olive  oil,  the  plant  has  been  cultivated  on  the  West 
coast  of  Africa — Congo,  Senegal,  in  the  Niam  and  Mombattu 
countries  in  the  interior  of  Africa,  and  in  East  Africa ;  in  the 
East  Indies — Madras,  Calcutta;  in  Java,  Sumatra,  etc.,  in  the 
southern  portions  of  the  United  States,  as  well  as  in  Southern 
Europe — Italy,  Spain,  and  France. 

There  are  several  varieties  of  peanuts :  red,  white  and  brown. 
The  varieties  chiefly  cultivated  in  the  United  States  are  the 
Virginia,  running  and  bunch  ;  the  Tennessee  and  Georgia,  white 
and  red :  the  North  Carolina  and  the  Spanish.  The  Virginia 
varieties,  being  most  widely  known  and  popular  with  the  trade, 
are  the  ones  commonly  planted.  There  is  little  difference  be- 
tween the  Virginia  and  Tennessee  nuts,  being  sold  as  "  Virginia 
hand-picked"  peanuts.  In  Costa  Rica  there  is  a  variety  with 
long  pods  without  division,  containing  four  or  five  seeds,  and 
in  the  Argentine  Republic  a  large  sized  variety,  with  a  deep 
orange-colored  shell.  In  the  Malay  Archipelago  there  are 
two  varieties,  called  the  white  and  brown,  resembling  probably 
the  white  and  red  Tennessee  varieties  except  as  to  size.  The 
peanut  of  Africa  and  India  resembles  the  North  Carolina  variety 
in  size,  and  is  raised  principally  for  the  oil  which  is  contained 
in  its  kernels. 

The  Spanish  nut  has  a  small  kernel  of  fine  quality,  and  is  in 
demand  as  **  confectioners'  stock,"  being  worth  several  cents 
per  pound  more  than  any  other  shelled  stock. 

In  harvesting  peanuts  great  care  has  to  be  taken,  since  the 
fruit  of  plants  not  entirely  "  dead,"  /.  ^.,  ripe,  does  not  keep 
well  and  yields  less  oil.  The  nuts  should  be  out  of  the  ground 
before  the  first  frost,  as  it  is  injurious  both  to  the  vines,  when 
regarded  as  fodder,  and  to  the  kernels. 

In  this  country  peanut  farmers  in  harvesting  the  crop  use  a 
plow  made  especially  for  the  purpose,  without  a  mold  board, 
and  with  a  "  sword,"  or  long  cutting  flanges  welded  to  the 
point.     The  plow  is  passed  down  each  side  of  the  row,  and 
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deep  enough  to  sever  the  tap  root  without  disturbing  the  pods. 
The  vines  are  then  lifted  from  the  ground  with  pitchforks,  and 
placed  in  rows ;  they  are  afterwards  stacked  around  short  poles. 
Two  weeks  later  the  pods  should  be  dry  enough  to  be  picked 
off.  After  picking,  which  is  generally  done  by  women  and 
children,  the  nuts  are  placed  in  bags,  holding  four  bushels,  and 
either  stored  away  in  dry,  well-ventilated  sheds,  or  at  once  sold 
to  the  **  factories  "  where  they  are  cleaned,  sorted,  sacked  and 
branded. 

Since  the  establishment  of  "peanut  factories"  or  "re- 
cleaners  "  in  nearly  every  community  in  which  much  attention 
is  paid  to  this  crop,  the  planter  has  ceased  to  especially  pre- 
pare his  nuts  for  market,  selling  them  as  "  farmers'  stock  "  to 
those  factories  or  recleaners,  where  they  are  subjected  to  a 
treatment  of  fanning,  polishing  and  sorting  before  being  put 
upon  the  market. 

The  machinery,  neither  costly  nor  intricate,  is  placed  in  a 
four-story  building  in  such  a  way  that  the  peanuts  are  not 
handled  from  the  time  they  are  put  in  their  uncleaned  condi- 
tion in  the  hoppers  on  the  fourth  floor  until  on  the  first  floor 
they  are  sewed  in  bags,  branded,  and  marked  ready  for  ship- 
ment, with  the  exception  that  in  the  course  of  this  process  they 
have  passed  over  a  movable  table  in  the  form  of  an  endless  belt 
between  two  rows  of  operators  somewhat  skilled  in  the  detec- 
tion of  immature  and  faulty  nuts,  which  are  picked  out  and  put 
into  a  separate  receptacle,  only  the  good  and  merchantable 
nuts  being  allowed  to  pass  into  the  bag  beneath ;  these  are  the 
hand-picked  "  factory  stock  "  of  the  trade.* 

Picking  the  nuts  from  the  vine  by  hand  being  slow  and  te- 
dious work,  and  one  of  the  largest  items  of  expense  to  the  pea- 
nut farmer,  Underwood's  peanut-picker  (Fig.  212)  is  used  for 
this  purpose  in  some  sections  of  the  United  States,  especially 
in  the  Wilmington.  N.  C,  section.  The  variety  of  peanut 
raised  there  being  much  smaller  than  the  Virginia  or  Tenn- 
essee nut,  and  also  more  completely  filling  the  shell,  is  not  so 

*  Peanuts :  Calture  and  Uses,  by  R.  B.  Handy,  Washington,  1895. 
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easily  injured  as  the  larger  varieties,  and  thus  can  be  picked  by 
machinery.  Underwood's  picker  is  of  the  nature  of  a  thrash- 
ing machine,  and,  of  course,  tears  ofTboth  the  ripe  and  unripe 
nuts,  which  is  avoided  by  hand-picking.  When  worked  by 
hand  the  capacity  of  the  machine  is  about  660  lbs.  per  day, 
and  when  driven  by  a  motor  up  to  2000  lbs. 


UNDERWOOD'S  PEA' NUT  PICKI!R. 

j4,  crank  1   £,  frame;   C,  dnun. 

The  mixture  of  ripe  and  unripe  nuts  being  of  less  value,  it 
is  passed  through  a  separator,  Crocker's  machine.  Fig.  213, 
being  frequently  used  for  this  purpose.  It  separates  the  nuts 
into  three  grades;  the  unripe  nuts  being  the  heaviest,  fall  into 
a  separate  apartment. 

With  the  attendance  of  four  men,  the  machine  sorts  17,500 
to  22,000  lbs.  of  nuts  per  day.     In  the  absence  of  such  a  sep- 
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arator  a  fan  is  frequently  used,  which   however  separates  only 
the  empty  shells. 


CROCKER'S   PEANUT-SEPARATOR. 

A,  crank;   S,  drum;   C,  frame;  D.  box. 

As  a  rule,  peanuts  are  brought  into  commerce  unshelled,  so 
that  the  planter  has  nothing  to  do  with  this  work.  For  soap- 
oil  the  nuts  are  frequently  worked  without  being  shelled;  the 
shell  of  older  nuts  is  readily  rubbed  off  by  sieves  or  in  a  fan. 
A  hand-peanut-sheller  is  shown  in  Fig.  214. 

The  shells  amount  to  about  i  per  cent  by  weight. 

The  oil  occurs  in  parenchymatous  cells  of  the  cotyledons  and 
amounts  to  3S,  and  at  the  utmost  to  50  per  cent,  of  the  nuts. 
The  composition  of  the  nuts  is  as  follows; 

Fresh  nuti.  Older  nud. 

Oil 37.84  p.  c.  41.63  p.  c. 

Organic  Bubitances 5'-3^     "  S3-"    " 

albumen  therein  . . .  ^l-^S  P'  "^^  l7-'5  P-  C' 

Aih M3     "  1-5°     " 

Water 7.37     "  2.75     " 


The  oil  is  extracted  by  pressure.     The  first  cold-drawn  oil  is 
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A,  hopper;  A,  cog-wheel;  Ccranki  Z),  weight;  £,  (rame. 

nearly  colorless  and  of  an  agreeable  taste,  and  is  used  as  fine 
table  oil.  The  comminuted  seeds  are  then  sprinkled  with 
water  and  subjected  to  a  second  pressure,  which  yields  an  oil 
also  fit  for  table  use,  but  chiefly  employed  for  illuminating 
purposes.  The  residue  is  subjected  to  a  third  warm  pressure, 
and  yields  an  oil  of  a  yellowish  color  and  less  agreeable  taste 
and  odor.  It  Is  used  in  the  manufacture  of  soaps  and  lubricants. 
The  most  important  secondary  production  of  the  peanut  oil 
manufacture  is  the  oil-cake  or  meal,  which  remains  after  the  oil 
has  been  extracted.  This  sells  for  from  $30  to  $33  per  ton  in 
Germany,  where  it  is  used  for  feeding  cattle  and  sheep.  A 
recent  analysis  of  peanut  cake  furnished  by  an  oil  factory  in 
Tennessee  gave  the  following  results:  Water, 6.58  percent.;  ash, 
4.2 1  per  cent. ;  protein,  53.19  per  cent. ;  fiber,  3.75  per  cent. ; 
nitrogen-free  extract,  24.01  per  cent. ;  and  fat,  53.19  per  cent. 
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Dietrich  and  Konig  give  the  average  coefficient  of  digesti- 
bility of  peanut  cake  as  follows:  Protein,  90.24;  fats,  85.66; 
nitrogen-free  extract,  92.87. 

The  yearly  production  of  peanuts  in  this  country  is  about 
4,000,000  bushels  of  22  pounds,  Virginia,  Georgia,  Tennessee 
and  North  Carolina  being,  according  to  the  Eleventh  Census, 
the  largest  producers  in  the  order  named.  These  4,000,000 
bushels,  whilst  fully  supplying  the  present  demand  in  the  United 
States,  constitute  but  a  small  portion  of  the  peanut  crop  of  the 
world,  as  the  exportation  from  Africa  and  India  to  Europe,  in 
1892,  amounted  to  nearly  400,000,000  pounds,  Marseilles  tak- 
ing 222,000,000  pounds,  most  of  which  were  converted  into  oil.* 
The  peanut  crop  of  the  world  may  be  safely  estimated  at  least 
at  600,000,000  pounds.  Peanut  oil  is  a  perfect  type  of  a  non- 
drying  oil.  It  is  largely  used  by  perfumers  in  the  manufac- 
ture of  pomades,  cold  cream,  etc. 

The  specific  gravity  of  the  finest  fresh  oil  is  0.918  at  59°  F., 
and  that  of  the  old  oil  0.9202.  It  is  more  limpid  than  olive 
oil,  becomes  turbid  at  37.4°  F.,  congeals  at  26.5°  to  25°  F., 
and  solidifies  entirely  at  19°  F. 

Peannt  oil  consists  of  the  glycerides  of  palmitic,  hypogaeic, 
oleic,  and  arachidic  acids.  The  latter  acid,  first  prepared  from 
peanut  oil  by  Gossmann,  crystallizes  in  small  shining  scales, 
melts  at  167°  F.  and  solidifies  again  at  164.3°  F-  to  a  radiated 
crystalline  mass.  Arachidic  acid  occurs  also  in  the  fat  of  the 
fruit  of  Nephelium  lappaceunty  Linn.,  in  cacao-butter,  and  is 
identical  with  butic  acid  prepared  by  Heintz  from  butter. 

Peanut  oil  is  sparingly  soluble  in  alcohol — 100  parts  90  per 
cent  alcohol,  dissolve  0.52  part  oil — but  readily  in  either,  chloro- 
form and  oil  of  turpentine.  It  is  durable  and  burns  with  a  very 
good  flame.  It  saponifies  slowly,  but  yields  an  excellent,  firm, 
whitish  soap,  free  from  odor.  It  forms  at  present  the  chief 
constituent  of  Marseilles  (castile)  soap. 

Nitric  acid  containing  hyponitric  acid  and  of  specific  gravity 

*  This  large  exportation  from  India  has  been  greatly  stimulated  by  the  depreciation 
of  silver — this  constituting  a  bounty  of  100  per  cent,  on  this  export. — H.  C.  B. 
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1.300,  colors  the  oil  reddish  yellow,  and  does  not  solidify  it  in 
24  hours.  By  adding  to  the  mixture  starch  or  copper  filings 
for  the  development  of  nitrous  acid,  it  turns  pale  and  solidifies 
in  about  24  hours,  the  hypogaeic  acid  being  converted  into  the 
isomeric  gaedic  acid. 

By  carefully  pouring  fuming'  nitric  acid  into  a  test-tube  con- 
taining peanut  oil,  so  that  the  fluids  do  not  mix,  a  brownish 
color  is  first  produced  on  the  point  of  contact,  which  soon 
changes  into  a  narrow,  pale  green,  and  a  broad,  zone  of  an  in- 
tense cherry  color.  In  about  ten  minutes  a  dull,  pale-green 
zone  remains.  By  shaking  the  oil  with  the  acid  a  reddish-yel- 
low coloration  takes  place. 

By  adding  drop  by  drop  3  drops  of  sulphuric  acid  of  (>(P  B. 
to  20  drops  of  peanut  oil,  the  latter  turns  grayish-yellow,  and, 
on  shaking,  becomes  first  brownish  yellow  and  finally  brown. 

One  volume  of  soda  or  potash  lye  of  1.330  specific  gravity, 
mixed  with  5  volumes  of  oil,  gives  a  yellow,  flesh-colored  mix- 
ture which  quickly  becomes  thick  and  by  heating  acquires  a 
lighter  color. 

SaponBcation  number  194     -  196 

Iodine  number  of  the  oil  94    ~    96 

"            "        "     fatty  acids  96     -    97 

Fusing  point  of  the  fatty  acids  78.8^-    8o.6°F. 

Solidifying  point  of  the  fatty  acids  77°    -    73.4°F. 

• 

Considerable  quantities  of  peanut  oil  are  brought  to  England 
from  the  East  Indies,  especially  from  Madras.  But  little  oil  is 
sent  from  England  and  France  to  Germany ;  however,  the  im- 
portation of  peanuts  from  the  East  Indies — Madras  and  Cal- 
cutta— as  well  as  from  the  coast  of  West  Africa,  the  French 
colonies  on  the  Congo  and  the  Senegal,  and  from  Algiers,  is 
immense  and  steadily  increasing. 

The  principal  trade  is  by  way  of  Marseilles,  London,  Liver- 
pool, and  Rotterdam.  From  the  coast  of- West  Africa  alone 
77,000  to  85,000  tons  of  peanuts  are  shipped,  chiefly  to  Mar- 
seilles, where  most  of  the  peanut  oil  is  expressed  and  used  in 
the  manufacture  of  Marseilles  (castile)  soap. 
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Regarding  the  quantities  of  peanuts  worked  for  oil  in  the 
United  States,  no  statistics  could  be  obtained. 

2.  Ben  oil  or  soringa  oil  {oleum  balaninum;  Bihen'dl,  G., 
kuilede  ben,  F.). — This  oil  is  obtained  from  the  seed  of  various 
species  of  Moringa,  trees  indigenous  to  Egypt,  Arabia,  Syria, 
and  the  East  Indies,  and  cultivated  in  tropical  America.  The 
seed  contains  from  30  to  35  per  cent,  of  oil,  which,  when  care- 
fully expressed,  is  white  or  of  a  slightly  yellowish  color,  and 
possesses  an  agreeable  sweetish  flavor.  In  the  West  Indies  it  is 
used  as  a  salad  oil.  The  oil  expressed  last  has  a  darker  color, 
an  acrid,  somewhat  pungent  taste,  and  purging  properties. 

The  oil  is  neutral  and  keeps  long  in  the  air  without  growing 
rank.  Its  specific  gravity  is  0.912  at  59°  F.  At  77^  to  68°  F. 
it  is  limpid,  somewhat  viscous  at  59°  F.,  and  below  that  be- 
comes turbid.  On  cooling  to  44.5°  F.  crystals  commence  to 
separate  and  the  oil  divides  into  two  parts,  one  solid,  consisting 
of  stearin,  palmitin,  etc.,  and  the  other  fluid,  of  olein. 

Ben  oil  is  completely  saponified  with  potash  lye,  and  besides 
glycerin,  the  alkaline  salts  of  stearic,  palmitic,  myristic,  oleic, 
and  benic  acids  are  formed.  To  the  latter  the  term  moringic 
acid  was  applied  by  Walter,  and  corresponds  completely 
to    oleic   acid.      Walter's    behenic   acid  =  benimargaric    acid 

CisHjjjT  >  O   is,  according  to  Heintz,  a  mixture  of  75  parts 

palmitic  acid  with  25  parts  myristic  acid,  and  melts  at  125.6° 
to  131°  F. 

Benic,  behenic  or  benistearic  acid^=  ^ti^i»Y\  r  ^  °^   Volker  is 

a  white  crystalline  fat  melting  at  168.8°  F.  and  solidifying  at 
158°  F.  It  is  soluble  in  boiling  alcohol,  crystallizing  from  it  in 
acicular  crystals. 

Besides  as  a  salad  oil,  ben  oil  is  used  for  various  purposes,  as 
an  embrocation  for  the  skin,  especially  in  the  Orient,  for  per- 
fumery, toilet  soaps  and  hair  oils. 

Owing  to  its  power  of  retaining  odors  and  not  becoming 
rancid,  even  after  many  years,  it  is  highly  valued  for  the  ex- 
traction of  aromatic  substances,  which  on  account  of  their  ex- 
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tremely  delicate  constitution  would  become  more  or  less  decom- 
posed by  other  methods,  for  instance,  violet  oil,  jasmine  oil,  the 
oil  from  the  flowers  of  Polyanthes  tuberosa,  etc. 

The  portion  of  the  oil  remaining  fluid  at  44.5^  F.  is  used  for 
lubricating  of  machinery  and  clocks. 

Ben  oil  was  formerly  exported  from  the  East  and  West 
Indies,  but  is  now  almost  entirely  consumed  in  the  countries  of 
its  origin,  very  little  of  it  reaching  England  and  France,  and 
none  of  it  the  rest  of  the  Continent  of  Europe. 

3.  Bonduc  nut  oil  or  fever  nut  oil  {Bonducnussol,  G.)  is  ob- 
tained from  the  seeds  of  Casalpinia  Bonducella,  Roxb.,  a  large 
climbing  bush  indigenous  to  the  eastern  parts  of  tropic  Asia, 
Africa,  and  America.  The  oil  is  used  for  illuminating  purposes 
and  as  an  embrocation  for  rheumatism.  The  seed,  also  called  ' 
"  nicker  seed  "  has  a  diameter  of  ^  to  ^  inch. 

4.  Casalpinia  digyna.  Wall.  =  Casalpinia  oleosperma,  Roxb. 

5.  Tonka-bean  oil  {Tonkabohnendl,  G. ;  huile  de  five  de 
Tonkin^  F.)  is  obtained  from  the  seed  of  Dipterix  odorata^ 
Willd.,  a  tree  indigenous  to  Guiana.  The  seed  yields  about  25 
per  cent,  of  a  nearly  colorless  oil  holding  cumarin  in  solution. 
It  is  principally  used  for  perfumery  purposes. 

6.  Tamarind  oil, — The  seeds  of  the  tamarind  tree  (  Tamar- 
indus  indica,  Linn.)  contain  20  per  cent,  of  a  viscous  oil,  with 
an  odor  of  linseed  oil,  which  is  used  for  illuminating  purposes. 

7.  Bauhinia  variegata,  L.,  and  Bauhinia  Candida^  Roxb., 
with  30  per  cent,  of  oil. 

Papilionacece  (Leguminosa), 

I.  Dolichas  Soja^  \J\nn,  =  Soja  japonica^  Soja  hispida  or 
Chinese  oil  bean^  indigenous  to  Japan  and  China,  and  cultivated 
in  southern  Asia,  The  seed  has  a  pungent  taste  and  is  used  for 
food,  while  the  oil,  soja  bean  oil,  incorrectly  called  huile  de  pois^ 
pressed  from  it  serves  as  a  salad  oil. 

The  soja  bean  contains  according  to  Meissl  and  Boecker: 
Water,  10  per  cent.,  soluble  casein  30,  albumen  0.5,  insoluble 
casein  7yfat  18,  cholesterin,  lecithin,  resin,  wax,  2,  dextrin  10. 
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The  content  of  starch  is  dependent,  according  to  O.  Harz,  on 
the  degree  of  ripeness  of  the  beans,  thoroughly  ripe  beans  con- 
taining but  little  starch. 

The  portion  of  the  bean  soluble  in  ether  consists  of  90  to  95 
per  cent,  neutral  fat  and  5  to  10  per  cent,  cholesterin,  lecethin> 
wax  and  resin. 

2.  Butea  frondosay  Roxb.,  indigenous  to  India,  yields  a  yel- 
lowish, somewhat  thickish  oil,  known  as  Dhak-kina-tree  oil  or 
Palas-tree  oily  which  has  a  specific  gravity  of  0.927,  and  solidi- 
fies at  50^  F. 

3.  The  seed  of  Pongamia  glabra^  Vent.,  a  tree  indigenous  to 
the  East  Indies,  gives  a  quite  thick,  dark-yellow  oil,  known  as 
Korung  oily  which  separates  stearin  at  43.0°  to  46.5°  F.  Its 
specific  gravity  is  0.945.  It  is  used  for  illuminating,  and  also 
medicinally,  in  India,  for  skin  disease  and  rheumatism. 

Amygdaleoe  (Rosifloros), 

I .  Almond  oil  {oleum  amygdalarum ;  Mandeldl  G. ;  kuile 
d'  AtnandeSy  F.),  is  obtained  by  pressure,  both  from  sweet  and 
bitter  almonds,  the  fruits  of  Amygdalus  communis y  Linn. 

Sweet  almonds  are  divided  into  two  varieties,  viz.,  hard- 
shelled,  and  soft-shelled  or  paper-shelled  almonds,  the  latter 
variety  being  the  product  of  Amygdalus  fragilis  Bork,  and  are 
exported,  without  being  shelled,  from  Valencia  and  the  Mediter- 
ranean ports  of  France  and  Italy.  Hard-shelled  almonds  are 
generally  shelled  before  being  brought  into  commerce.  The 
best  varieties  of  sweet  almonds  are  the  Valencia  almonds ;  they 
are  large,  full,  very  sweet  and  of  agreeable  taste ;  ambrosia  al- 
monds from  Sicily,  Girjenti,  etc. ;  Provence  almonds  from  Prov- 
ence, Languedoc.  The  cheapest  variety  are  the  Barbary 
almonds,  which  contain  many  broken  and  bitter  particles,  and 
are  small  and  unsightly  in  appearance.  They  are  brought 
into  market,  generally  by  way  of  London,  from  Barbary  and 
Mogador  in  Morocco. 

Sweet  almonds  yield  more  fat  oil  than  the  bitter  variety,  they 
containing  from  45  to  55  per  cent.  Their  composition  is  as 
follows : 
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Almonds  I  year  old.      Almonds  4  yesrs  old. 

Oil 51.42P.C.  53-30p.c. 

Orgmnic  substances 3S.19    "  39*24    " 

albuminous  substances 

therein •  •  22.5  p.  c.                      23JOO  p.  c. 

Ash 2.86    «•  3.70    " 

Water 9.53    «  3.76    « 

100.00    **  100.00    " 

The  ash  of  sweet  almonds  contains 

Potash 27.95  per  cent. 

Soda. 0.23  ** 

Magnesia 17.66  ** 

Lime 8.81  " 

Ferric  oxide a55  " 

Chlorine — 

Sulphuric  acid 0.37  ** 

Silica — 

Phosphoric  acid 43'63  " 


100.00 


«« 


Among  the  organic  substances  are  found  gum -like  bodies  (3 
per  cent.),  grape  sugar  (6  per  cent.),  and  emulsin  or  synaptase. 
Starch  is  entirely  wanting  in  sweet  as  well  as  bitter  almonds. 
Emulsin  is  the  specific  ferment  of  bitter  almonds,  from  which 
it  is  obtaine  by  exhausting  the  powdered  paste  from  which  the 
oil  has  been  expressed,  with  cold  water,  adding  acetic  acid  to 
the  solution  to  remove  proteids,  and  precipitating  the  emulsin 
with  alcohol,  It  is  a  white  friable  mass  soluble  in  water,  but 
insoluble  in  spirit  of  wine. 

Most  of  the  bitter  almonds  are  brought  into  commerce  from 
North  Africa,  Tripoli,  Morocco,  Algiers,  Teneriffe,  and  south- 
ern France.     The  large  Sicilian  almonds  are  highly  valued. 

The  constituents  of  bitter  almonds  vary  very  much  and  also 
their  content  of  oil. 

Their  average  composition  is  as  follows : 
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Oil 42.80  p.  c. 

Organic  Hubstances 48.50    " 

albuminous  substances  (emukin,  conglutin) 

therein • 32.16  p.  c. 

Amygdalin 2.20    '* 

Ash 3.20    " 

Water 5.50    *' 

100.00    " 

Amygdalin  CioHjtNOii  belongs  to  the  glucoside  series,  and  is 
a  neutral  substance  of  a  somewhat  bitter  taste.  To  prepare  it, 
a  paste  of  bitter  almonds,  from  which  the  oil  has  been  ex- 
pressed, is  exhausted  with  boiling  alcohol,  the  solution  concen- 
trated, and  the  amygdalin  precipitated  by  adding  ether.  It  is 
thus  obtained  in  pearly  scales,  crystallizing  from  water  in 
transparent  prisms  with  three  molecules  of  water.  It  is  soluble 
in  water  and  spirit  of  wine,  but  insoluble  in  ether.  Brought  in 
contact  with  emulsin  and  a  sufficient  quantity  of  water,  it  forms 
prussic  acid,  volatile  bitter  almond  oil,  and  sugar. 

C,oH,,NO„        2H,0  ^  2C,H„0.  HCN  QH^OH. 

Amygdalin       Water         Sugar  Pnissic  acid       Bitter  almond  oil. 

This  decomposition  begins  already  in  chewing  bitter  almonds, 
but  is  also  effected  by  diluted  acid  and  alkalies. 

Pure  amygdalin  also  decomposes,  although  in  a  less  degree, 
the  albumin  of  poppy  seeds,  hemp,  and  mustard  seeds. 

From  the  above  conversion  of  the  amygdalin  with  the  emul- 
sin, it  will  be  seen  that  no  water  should  be  added  in  comminu- 
ting and  pressing  bitter  almonds. 

To  obtain  the  oil,  the  almonds  are  first  freed  from  dust  by 
shaking  in  a  sieve,  and,  after  removing  the  broken  almonds, 
which  are  always  more  or  less  rancid,  comminuted  in  a  mortar 
or  in  some  other  suitable  manner.  The  paste  thus  obtained  is 
packed  in  strong  linen  bags  and  pressed. 

Generally  sweet  and  bitter  almonds  mixed  are  used  for  press- 
ing, but  if  the  residue  is  to  be  utilized  for  the  preparation  of 
bitter  almond  water  (aqua  amygdalarum)  and  oil  (oleum  amy- 
gdalarum  athereum)^  only  bitter  almonds  are  used.  If,  how- 
voL.  T — 27 
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ever,  the  residue  is  to  be  utilized  for  cosmetics,  the  almonds 
are  first  peeled,  soaked  in  cold  water  six  to  eight  hours,  and, 
after  drying  at  not  more  than  77^F.,  comminuted  and  pressed. 

Oil  from  peeled  almonds  changes  in  quality,  has  a  tendency 
to  become  rancid,  and  is  therefore  of  less  value. 

The  comminuted  almonds  are  twice  pressed  cold;  for  the 
third  pressure,  which  gives  an  oil  of  less  value,  the  broken 
pieces  can  be  utilized,  and  the  press-plates  heated. 

By  pressure  sweet  almonds  yield  on  an  average  45  per  cent, 
of  oil,  and  bitter  almonds  38  per  cent. 

The  oil,  after  settling  for  eight  days  in  well-stoppered  bottles, 
is  filtered  and  kept  in  small  vessels. 

The  extracting  process  with  canadol  or  ether  can  be  advan- 
tageously employed. 

There  is  no  essential  difference  between  the  fixed  oil  of 
sweet  almonds  and  that  of  bitter  almonds;  the  latter  has  a 
greater  tendency  to  become  rancid.  Both  oils  have  the  same 
value  and  are  used  for  the  same  purposes. 

Their  average  elementary  composition  is,  according  to  Lefort, 
as  follows : 

Oils  of  sweet  almonds.  Oils  of  bitter  almonds. 

Carbon 7048  p.  c.  70-53  P*  c* 

Hydrogen 10.64  "  10.61 

Oxygen 18.88  •*  18.86 


« 


100.00  100.00 


M 


Almond  oil  is  clear  and  odorless,  has  a  pale  yellow  color, 
and  a  very  agreeable,  mild  taste.  If  it  shows  the  taste  or  odor 
of  essential  bitter  almond  oil,  water  has  been  used  in  comminut- 
ing or  pressing  the  bitter  almonds,  or  the  mixture  of  sweet  and 
bitter  almonds. 

Almond  oil  is  more  viscous  than  poppy-seed  oil,  but  more 
limpid  than  olive  oil;  at  14°  F.  it  becomes  thick,  at  3.2°  F.  it 
assumes  a  white  turbidity,  and  at  — 4°  F.  it  solidifies  to  a  white 
butter. 

Its  specific  gravity  at  68°  F.  is  0.917.  and  at  59°  F.,  0.9 1 9. 
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Its  expanding  capacity  is  nearly  as  large  as  that  of  olive  oil, 
100  cubic  centimeters  at  32^  F.  expanding  to  ioi.6cubic  cen- 
timeters at  68°  F. 

Exposed  to  the  air  it  readily  turns  rancid,  and  acquires  a  dis- 
agreeable taste  and  odor,  and  higher  specific  gravity.  It  is 
soluble  in  60  parts  of  cold  and  1 5  parts  of  boiling  alcohol ;  at 
68°  F.  10  volumes  of  oil  absorb  0.60  volume  of  absolute  al- 
cohol. On  shaking  equal  volumes  of  oil  and  alcohol,  the  col- 
oring matter  of  the  oil,  together  with  a  portion  of  the  oil,  passes 
into  the  alcoholic  solution ;  the  oil  becoming  decolorized  and 
acquires  a  pale  orange  color.  It  mixes  in  all  proportions  with 
ether,  chloroform,  etc.,  and  fat  oils. 

Almond  oil  consists  chiefly  of  pure  olein ;  lead  plaster  prepared 
with  it  dissolves  almost  completely  as  lead  oleate,  while  only 
traces  of  the  lead  salts  of  solid  fatty  acids  remain. 

The  oil  shaken  with  an  equal  volume  of  nitric  acid  gives  at 
first  a  whitish  mixture,  which  in  about  five  minutes  turns  red- 

« 

dish  yellow.  By  adding  to  this  mixture  copper  or  starch  for 
the  development  of  nitrous  acid,  the  behavior  of  the  oil  from 
sweet  almond,  varies  somewhat  from  that  of  bitter  almonds,  the 
first  solidifying  to  a  white  mass  in  eight  to  twelve  hours,  and  the 
latter  only  to  a  semi-solid  mass  in  twenty-four  hours. 

By  carefully  adding  fuming  nitric  acid  to  the  oil  in  a  test- 
tube,  first  a  reddish,  and  then  a  green  zone  is  formed.  In 
scarcely  one  minute  violent  reaction  with  strong  foaming  takes 
place. 

Three  drops  of  sulphuric  acid  added  to  20  drops  of  the  oil 
produce  first  a  yellow  turbidity,  which  shortly  becomes  green 
yellow,  and  later  on  brownish-olive  green,  the  oil  becoming 
thick  at  the  same  time. 

Glacial  acetic  acid  mixed  with  the  same  volume  of  almond 

« 

oil,  dissolves  the  latter  to  a  clear  fluid  only  at  230°  F. 

Of  iodine  up  to  57  per  cent,  is  dissolved  by  almond  oil. 

One  volume  of  potash  lye  or  of  ammonia  shaken  with  five 
volumes  of  oil  gives  a  grayish-white  emulsion. 

Almond  oil  is  frequently  adulterated  with  peach  oil,  poppy- 
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seed  oil,  teel  oil,  nut  oil.  The  simplest  test  is  by  the  taste,  as 
every  admixture  produces  a  peculiar  flavor  not  characteristic 
of  almond  oil,  poppy-seed  oil  especially  leaving  a  certain  sharp- 
ness behind.  Adulterations  with  poppy-seed  oil,  etc. ,  will  also 
increase  the  specific  gravity  to  above  0.919,  and  solidification 
takes  place  below  — 4^  F. 

According  to  Fehling,  50  grammes  of  almond  oil  mixed  with 
ID  cubic  centimeters  sulphuric  acid  produce  an  increase  in  the 
temperature  of  53.5° C,  and  the  same  quantities  of  poppy-seed 
oil  and  acid  one  of  74.5^  C. ;  hence  a  higher  temperature  than 
53.5°  C.  would  be  proof  of  adulteration. 

A  cooled  mixture  of  equal  parts  of  concentrated  sulphuric 
acid,  red  fuming  nitric  acid,  and  water  mixed  with  the  oil  in 
the  proportion  of  i  :  5  gives,  according  to  Bieber,  with 

Pure  almond  oil  a  slightly  yellowish- white  emulsion,  which 

later  on  passes  into  a  reddish  shade. 
Peach  oil  is  immediately  colored  peach-blossom  red,  and 

later  on  dark  orange. 
Sesame  oil    turns  pale  yellowish-red,  then  dirty  orange- 
red. 
Poppy-seed  oil  and  nut  oil  from  walnuts  give  a  somewhat 
whiter  emulsion  than  almond  oil. 
From  the  difference  in  color  the  adulteration  can  readily  be 
recognized. 

Solution  of  subacetate  of  lead  (  Goulard's  extract)  shaken  with 
an  equal  volume  of  almond  oil,  produces  gray  watery  white  tur- 
bidity, while  an  addition  of  other  oils  gives  yellowish  turbidi- 
ties. 

It  is  extremely  difficult  to  establish  by  means  of  chemical 
reaction  adulterations  of  almond  oil  with  other  oils,  such  as 
peanut,  apricot  kernel,  sesam^  oils,  etc.  Toward  the  elaidin 
test,  the  behavior  of  genuine  almond  oils  also  varies  so  much  as 
to  render  it  impossible  to  come  to  a  definite  conclusion. 

Better  results  are  obtained  by  the  determination  of  the  acid 
number,  saponification  number  and  iodine  number. 
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Acid  number 204-205 

Saponification  number 194-196 

Iodine  number  of  the  oils • 82-83 

Iodine  number  of  the  fatty  acids 87-89 

Fusing  point  of  the  fatty  acids 57*2^  ^' 

Solidifying  point  of  the  fatty  adds 41    °  F. 

Almond  oil  is  used  for  perfumery  purposes,  in  the  manufac- 
ture of  soap — it  yields  a  very  firm  soap — and  in  medicine, 
especially  in  the  form  of  emulsions,  in  inflammations  ofthe  diges- 
tive and  respiratory  passages. 

Actual  almond  oil  under  the  name  of  **  sweet  almond  oil/'  is 
produced  on  a  large  scale  only  in  England,  mostly  from  the 
North  African  bitter  almonds,  further,  from  almonds  brought 
from  Bombay  and  other  Indian  territories.  Genuine  English 
almond  oil  is  brought  into  commerce  in  barrels  of  600  libs, 
weight. 

In  Germany  no  more  almond  oil  is  produced  than  is  neces- 
sary to  obtain  sufficient  residue  for  the  fabrication  of  almond 
water,  amygdalin  and  partially  of  almond  meal. 

In  Italy  and  Southern  France,  but  little  genuine  almond  oil  is 
produced,  the  considerably  cheaper  peach  kernel  oil  being 
chiefly  expressed  from  the  peach  kernels  imported  on  a  large 
scale  from  the  Levant.  It  forms  mainly  the  product  found  in 
commerce  under  the  name  of  '*  sweet  almond  oil "  and  is 
shipped  in  casks  of  various  sizes,  and  from  Southern  France  also 
in  tin  canisters. 

2.  Peach  kernel  oil  (oleum  persicorum;  Pfirsichkemol^  G./ 
huile  de  peche^  F.),  is  pressed  from  the  kernels  of  the  peach, 
Amygdalus  Persica,  L.  The  kernels  are  bitter,  and,  like 
bitter  almonds,  contain,  besides  emulsin,  amygdalin,  and  can 
therefore  be  substituted  for  bitter  almonds  in  the  prepara- 
tion of  bitter-almond  water  and  essential  bitter-almond  oil.  In 
comminuting  and  pressing,  no  water  can  be  used,  for  the  same 
reason  as  mentioned  under  bitter  almonds.  The  yield  obtained 
is  about  30  per  cent. ;  the  residue  is  used  for  a  liqueur  called 
"  Persico." 
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Peach  oil  is  clear  and  limpid,  has  a  somewhat  yellow  color, 
and  in  taste  and  odor  resembles  almond  oil. 

At  1 6°  to  14^  F.  it  becomes  thick,  and  solidifies  at  — 0.4°  F. 
Its  specific  gravity  at  68°  F.  is  0.916,  and  at  59° F.  0.915.  It 
contains,  besides  olein,  somewhat  more  stearin  and  palmitin. 
Its  behavior  towards  nitric  acid  resembles  that  of  almond  oil, 
only  the  coloring  is  more  reddish.  The  first  effect  of  sulphuric 
acid  is  also  the  same  as  on  almond  oil,  but  the  final  reaction — 
olive  brown  in  the  latter — is  more  brown  in  peach  oil.  The 
most  characteristic  test  is  the  action  of  the  mixture  of  concen- 
trated sulphuric  acid  and  red  fuming  nitric  acid  (see  page  211), 
which  immediately  produces  a  peach-blossom  red  coloring. 

3.  Apricot  kernel  oil  or  Himalaya  apricot  oil  (oleum  armen- 
iaceae ;  Aprikosen'dl  or  Marmottol,  G./  huile  (V  abricoticr  de 
Briancon^  or  huile  de  marmotte,  F.),  is  obtained  from  the  ker- 
nels of  the  apricot  {Armeniaca  vulgaris^  Linn.),  which  contain 
from  40  to  50  per  cent,  of  oil.  The  apricot  derived  from 
Armenia  is  an  intermediary  link  between  the  peach  and  prune. 
In  Greece  it  is  widely  distributed,  being  there  a  common  and 
excellent  fruit.  The  stones,  together  with  the  kernels,  are 
crushed  and  the  obtained  mass  pressed,  partly  with  the  assist- 
ance of  water  and  partly  with  that  of  heat.  The  residue  is 
used  for  chicken  feed  or  for  a  liqueur  called  "  ratafia." 

The  oil,  when  purified  by  settling,  is  clear  and  bright  and 
almost  colorless,  but  turns  yellow  with  age.  It  has  a  mild  and 
agreeable  taste,  and  an  odor  resembling  that  of  bitter-almond 
oil.  Its  specific  gravity  is  0.915  at  59°  F.,  and  it  solidifies  at 
7.0°  F.  It  has  great  tendency  to  become  rancid.  It  is  used 
for  a  table  oil,  illuminating  and  perfumery  purposes. 

Saponification  number 192.9. 

Iodine  number 100. 

Fusing  point  of  the  fatty  acids 40^  F. 

Solidifying  point  of  the  fatty  acids 32^  F. 

4.  Prune-kernel  oil. — The  kernels  of  the  plum,  Prunus  domes- 
tica,  L.,  contain  25  to  30  per  cent,  of  oil,  of  which  about  20  per 
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cent,  are  obtained  by  pressure.  The  oil  is  clear,  has  a  yellow- 
ish color,  and  an  agreeable  almond-like  odor  and  taste.  It 
thickens  at  39.0^  F.,  and  solidfies  to  a  white  mass  at  16.25^  F. 
Its  specific  gravity  is  0.9127  at  59^  F.  It  is  used  as  a  table  oil 
and  for  illuminating. 

5.  Cherry-kernel  oiL — ^The  kernels  of  the  cherry,  Prunus 
Cerasus,  Linn.,  contain  25  to  30  per  cent,  of  a  golden-yellow 
oil  of  a  mild  and  agreeable  flavor  and  0.923  specific  gravity  at 
59°  F.  The  oil  becomes  thickish  at  32°  F.,  and  solidifies  at 
—2.2^  to— 4°  F. 

In  Wuertemberg  and  the  valleys  of  the  Alps  the  cold-drawn 
oil  is  used  for  a  table  oil,  and  the  warm-pressed  for  illuminating 
and  in  the  manufacture  of  soap. 

Pomace  a  {Rosiflora). 

1.  Apple-seed  oily  from  the  seed  of  the  apple,  Pyrus  malus^ 
Linn. 

2.  Pear-seed  oil,  from  the  seed  of  the  pear,  Pyrus  communis ^ 
Linn. 

The  parenchymatous  cells  of  the  cotyledons  of  both  fruits 
contain  1 2  to  1 5  per  cent,  of  a  pale-yellow  fat  oil  of  a  very 
mild  and  agreeable  flavor.  It  is  used  in  Thuringia  as  a  table 
oil  and  for  illuminating. 

3.  Quince-seed  oil, — Beside  a  large  amount  of  mucus,  the  seed 
of  the  quince,  Pyrus  cydonia,  Linn.,  contains  1 5  per  cent,  of  a 
very  mild  oil. 

Chrysobalanea  {Rosiflorce). 

1.  Chrysobalanus  icoca,  Linn.,  West  Indian  icoca plum^  ^' gol- 
den plum  or  cocus  plum''  called  '^icdca"  in  tropical  America 
and  "  ouaraye  "  on  the  Senegal,  is  everywhere  cultivated  in  the 
Antilles  and  warmer  portions  of  America.  The  seed  contains 
20  to  25  per  cent,  of  fine  table  oil,  called  icoca  oiL 

2.  Chrysobalanus  ellipticus,  Smeathn. 

3.  Chrysobalanus  luteus,  Smeathn.,  both  indigenous  to  Sierra 
Leone. 
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Cassuvieoe  (Terebinthincej. 

1 .  Cashew  apple  oil  (Acajoubl^  G. ;  huile  de  noix  de  caju^  or 
huile  d'  acajou^  F.),  from  the  seed  of  Anacardium  occidentaUy 
Linn.,  a  tree  indigenous  to  South  America  and  the  West  Indies. 
At  the  apex  of  the  edible  peduncle,  which  is  about  the  size  and 
shape  of  a  hen's  egg,  grows  a  large,  flattened,  kidney-shaped 
nut  having  a  hard  shell.  Between  this  and  the  shell  of  the  ker- 
nel is  a  black,  caustic  oil  which  causes  inflammation  and  blisters 
upon  the  hand.  After  removing  the  hard  shell  and  gummy 
juice  there  remains  a  white  edible  kernel  which  contains  from 
40  to  50  per  cent,  of  pale-yellow  oil  of  a  sweetish  flavor  re- 
sembling that  of  almond  oil.  Its  specific  gravity  is  0.916  at 
59^  F.,  and  it  is  used  in  Brazil  as  a  table  oil. 

2.  Semecarpus  anacardium,  L.,  a  tree  indigenous  to  the  East 
Indies.  The  nut,  known  as  the  East  Indian  cashew  nut,  is 
about  I  inch  long,  nearly  heart-shaped,  flattish,  glossy  and 
black.  The  black  caustic  oil  beneath  the  hard  outer  shell  is 
used  in  the  East  Indies,  like  the  black  caustic  oil  of  anacar- 
dintn  occidentale,  as  an  indelible  ink  and  for  writing  upon 
tissues.  The  ethereal  extract  of  this  juice  contains  the  vesicat- 
ing principle  "  cardol,  Cii  Hm  O2." 

The  kernel  of  this  nut  is  also  edible,  but  contains  a  thicker 
oil  of  inferior  quality,  having  a  specific  gravity  of  0.930. 

3.  Pistacia  vera,  Linn.  The  kernels  of  the  pistachio  nut 
yield  a  greenish  aromatic  oil  known  as  pistachio  nut  oiL  It 
has  a  mild  flavor  and  is  used  as  a  table  oil,  but  is  of  no  com- 
mercial importance,  it  readily  becoming  rancid. 

4.  Pistacia  lentiscus,  Linn.,  the  mastic  tree,  indigenous  to 
Italy  and  Greece.  By  c6mminuting  and  boiling  the  berries,  a 
dark-green,  semi-fluid  fat,  known  as  lentiscus  oil,  is  obtained. 
By  partially  solidifying  this  fat  and  pouring  oflT  the  fluid  por- 
tion, it  is  resolved  into  a  white  crystalline  fat  melting  at  93.2^ 
to  95^  F.,  and  a  dark  green  oil  which  remains  fluid  even  at 
46.4°F. 

5.  Pistacia    cabulica,    Stocks,    indigenous   to    Afghanistan, 
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where  it  is  known  as  *'  Kussoor  "  and  to  Belloochistan  where  it 
is  called  "  Pistar 

6.  Mangifera  indica^  Linn.,  the  Indian  mango  tree,  yields  the 
finest  fruit  of  the  East  Indies  and  Brazil.  The  oil  of  the  seed 
is  used,  but  has  not  yet  been  described. 

Celastrinea  (Tricoccce). 

1.  Spindle-tree  oil  {oleum  evonymi;  Spindelbaumol,  G. ; 
huile  de  fusaiftj  F.). — The  cotyledons  of  the  spindle  tree,  evony- 
mus  europcBus^  Linn.,  a  shrub  indigenous  to  central  Europe, 
contains  28  to  29  per  cent,  of  oil.  It  is  thickly  fluid,  has  a  red- 
dish-brown color,  a  disagreeable  odor,  and  a  bitter,  pungent 
taste.  Its  specific  gravity  is  0.938,  it  being  the  heaviest  oil 
next  to  castor  oil  and  croton  oil.  It  solidifies  at  5^  F.,  sepa- 
rating a  reddish  coloring  matter,  which,  by  careful  melting  of 
the  fat,  remains  behind  in  granules.  The  oil  contains  a  bitter 
resin,  *•  evonymin,"  and  yields  to  water  a  bitter  principle  but 
no  free  acid.  It  dissolves  with  difficulty  in  spirit  of  wine,  the 
solution  showing  an  acid  reaction. 

By  saponifying  the  fat  with  soda  lye,  sodium  oleate,  palmi- 
tate,  stearate,  benzoate  and  acetate  are  formed,  the  latter  two 
remaining  in  the  sub-lye. 

Benzoic  acid  CtHsOOH  is  contained  in  a  free  state  in  the  oil, 
and  may  be  extracted  with  alcohol ;  acetic  acid  exists  in  the 

C  H '"'   ) 
oil  as  a  glyceride  =  triacetin  //-  Ij  q\    f  Os- 

In  Southern  Germany,  Tyrol,  etc.,  spindle-tree  oil  is  used  as 
an  illuminant.  It  is  also  employed  against  vermin  in  the  hair 
of  men  and  animals,  and  as  a  remedy  for  wounds.  The  cap- 
sules are  used  for  dyeing  yellow. 

2.  Staff 'tree  oil  {Celasterol,  G. ;  huile  de  celastre,  F.),  is  ob- 
tained from  the  seed  of  the  staff  tree,  Celastrus  paniculatus^  a 
common  shrub  of  India.  It  has  a  dark  red  color,  and  is  burned 
in  lamps  and  at  religious  ceremonies. 

Euphorbiaceoe  (Tricocca). 
I .  Croton  oil  {oleum  tiglii  or  oleum  crotonis^  Crotonol  or  Grana- 
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natilldl,  G. ;  huile  de  croton  or  huile  de  tilly^  F.).  The  fixed  oil 
expressed  from  the  seeds  of  Croton  tiglium,  Linn.,  =  Tiglium 
officinale,  Klotzsch.  This  species  of  croton  is  common  in  a 
wild  state,  as  well  as  cultivated  throughout  Hindostan  and  some 
of  the  East  Indian  and  Philippine  Islands,  and  has  been  intro- 
duced into  Japan  and  other  countries.  It  is  about  1 5  to  20 
feet  high.  The  fruit  is  a  tricoccous  capsule  nearly  ^  inch 
long,  each  cell  containing  a  single  seed.  The  seed  as  found  in 
commerce  is  about  ^  inch  long,  oblong,  flattened  upon  the 
ventral  surface  and  marked  longitudinally  by  the  slightly  ele- 
vated raphe.  Externally  the  seed  is  of  a  gray-brown  color 
more  or  less  mottled,  or  of  a  nearly  uniform  blackish  color 
where  the  outer  coat  has  been  removed.  The  testa  is  thin  and 
brittle,  and  amounts  to  about  ^  of  the  weight  of  the  seed.  It 
is  covered  with  a  white  membrane  and  envelops  a  solid  white 
kernel  rich  in  oil,  which  encloses  between  the  two  albumen- 
lamellae,  the  thin  foliaceous  embryo.  The  seed  has  an  oily, 
afterward  very  acrid  taste ;  when  heated  it  diffuses  a  vapor 
which  has  a  very  irritating  effect  upon  the  eyes. 

Besides  albuminous  substances  and  crystals  of  calcium  oxa- 
late, the  seed  contains  in  the  parenchymatous  cells  from  30  to 
35  per  cent,  of  oil,  very  seldom  40  to  45  per  cent. 

Oil 33.25  |).  c. 

Organic  substances 5^*95     " 

albumen  therein 18.20  p.  c. 

Ash 4.00 

Water 5.80 


100.00 


By  pressure  the  seed  yields  about  25  per  cent,  of  oil,  and  by 
warm  pressure  about  30  per  cent. ;  more  oil  is  obtained  by  ex- 
traction with  ether  or  carbon  disulphide,  but  the  products  are 
not  alike,  and  for  officinal  internal  use  the  pressed  oil  only  can 
be  employed.  The  oil  is  of  an  orange-yellow  to  brown-yellow 
color,  quite  viscous,  and  has  a  peculiar,  slightly  rancid  odor  and 
acrid  flavor.     It  is  insoluble  in  water,  but  soluble  in  36  parts  of 
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highly  rectified  spirits  of  wine,  and  readily  so  in  ether  and  car- 
bon disulphide.  It  is  one  of  the  most  powerful  cathartics 
known,  and  acts  when  merely  rubbed  upon  the  abdomen,  pro- 
ducing even  bloody  stools.  When  brought  in  contact  with  the 
skin,  it  causes  in  a  few  minutes  a  burning  pain,  and  later  on 
pustules. 

The  specific  gravity  of  fresh  croton  oil  is  0.942  at  S9^F.  and 
of  old  oil,  0.955.  It  solidifies  at  3.2°  F.,  and,  according  to 
Hanbury,  turns  the  plane  of  polarization  to  the  left. 

Croton  oil  is  a  mixture  of  the  glycerides  of  stearic,  palmitic, 
myristic,  and  lauric  acids,  further  of  cenanthylic  acid  or  pyro- 
terebic  acid,  caproic,  valerianic,  butyric,  and  acetic  acids.  Oleic 
acid  is  not  present,  but  Schlieper  found  crotonic  acid, 
C4H5OOH,  which  is  homologous  to  oleic  acid,  and  angelic 
acid,  CsH^OOH,  but,  according  to  Guenther  and  Froehlich,  no 
crotonic  acid  is  present,  but  higher  members  of  the  series  of 
oleic  acids  and  tiglic  acid  C&HsOt,  which  is  isomeric,  but  not 
identical,  with  angelic  acid. 

According  to  Schlippe,  croton  oil  also  contains  4  per  cent,  of 
a  viscous  substance — crotonol  C4H4O1,  to  which  is  attributed 
the  vesicating  effect  of  the  oil ;  however,  this  substance  has  not 
been  obtained  by  other  chemists. 

According  to  the  more  recent  researches  of  Senier  and  John 
Meek  the  vesicating  principle  has  to  be  sought  for  in  the  fatty 
acids  with  the  lowest  fusing  point  and  not  readily  saponifiable, 
which,  however,  are  first  liberated  on  decomposing  the  soap 
with  acid.  These  fatty  acids  are  chiefly  contained  in  the  por- 
tion of  the  oil  insoluble  in  alcohol,  when  for  solution  at  least  7 
parts  of  alcohol  are  taken  for  6  parts  of  croton  oil.  Equal  or 
smaller  volumes  of  oil  mix  with  the  alcohol. 

Nitric  acidy  either  by  itself  or  in  connection  with  nitrous  acid, 
has  no  effi^ct  upon  croton  oil.  By  treating  a  mixture  of  oil  and 
acid  with  granulated  copper,  the  oil  becomes  only  more  thickly 
fluid  and  of  a  somewhat  lighter  color.  Admixtures  of  castor 
oil  and  other  non-drying  oils   are  recognized  by  solidiflcation. 

Concentrated  sulphuric  acid  dissolves  readily  in    croton  oil. 
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The  solution  added  to  croton  oil  colors  it  somewhat  darker,  but 
remains  for  a  short  time  a  clear  fluid  which,  when  shaken  with 
water,  separates  into  a  turbid  yellow-red  fluid  and  into  a  red 
fatty  substance.  By  the  sulphuric  acid  reaction  foreign  admix- 
tures of  drying  and  non-drying  oils  can  be  readily  recognized, 
since  they  immediately  make  the  mixture  considerably  darker, 
more  turbid  and  opaque  than  is  the  case  with  pure  croton  oil. 

Potash  lye  readily  saponifies  croton  oil,  the  product  being  a 
yellow  soap. 

Only  East  Indian  and  English  croton  oils  were  formerly 
known  in  commerce;  the  first  was  yellowish,  and  the  latter, 
chiefly  expressed  in  London,  brown-yellow  and  more  powerful. 
It  was  shipped  in  beer  bottles  holding  about  i  ^  lb.  net,  this 
mode  of  packing  being  still  the  only  one  used  in  England. 

For  many  years  croton  seed  brought  by  way  of  Madras, 
Calcutta,  etc.,  to  London,  has  been  bought  for  the  manufacture 
of  croton  oil  in  Germany,  and  expressed  on  a  large  scale  by 
Dr.  F.  Witte,  of  Rostock,  and  Gehe  &  Co.,  of  Dresden.  Ger- 
man croton  oil  at  present  supplies  not  only  Germany,  Russia 
and  Denmark,  but  to  a  great  extent  America  also. 

2.  Croton  pavanuy  Hamilt.,  indigenous  to  Assam  and  Birma, 
yields  the  **  Molucca  grains^*  which  furnish  an  oil  similar  to 
croton  oil. 

3.  Croton  oblongifolius^  Roxb.,  occurs  in  Bengal  under  the 
name  of  ''  Baragech,"  and  is  used  like  the  preceding  varieties. 

4.  Croton  polyandrus,  Roxb.,  called  *'  Duntee  *'  in  Bengal, 
yields  seed  which  is  expressed  for  oil. 

5.  Castor  oil  (oleum  ricini — oleum  Palmae  Christi  ;  Ricinusol, 
G, ;  huile  de  ricin,  F.)  is  contained  in  the  seed  of  Ricinus  com- 
munis,  Linn.,  the  castor  oil  plant,  indigenous  to  Southern  Asia, 
but  early  introduced  into  all  tropical  and  sub-tropical  countries, 
in  many  of  which  it  has  become  naturalized,  attaining  in  the 
tropics  the  size  of  a  tree  30  to  40  feet  high.  It  is  often  culti- 
vated in  temperate  countries  for  ornament  and  other  purposes, 
remaining  an  annual,  varying  in  size  from  4  to  14  feet.  The 
fruit  is  a  subglobular  grooved  tricoccous  capsule  which  is  some- 
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times  smooth,  but  mostly  spinescent.  Each  cell  encloses  a 
single  oval  or  elliptic  seed,  which  is  from  J^  to  ^  inch  long,  }i 
to  ^  inch  broad,  flattened  on  one  side,  smooth,  shining,  of  a 
gray  color,  variegated  with  yellowish,  brown  or  reddish  spots 
and  lines,  and  with  a  slightly-raised  raphe  along  the  flattish 
side,  and  a  prominent  caruncle  near  one  end.  The  testa  is 
hard,  brittle,  fragile  ;  the  inner  seed-coat  is  thin,  white,  and  has 
a  brownish  chalaza ;  the  embryo  is  straight,  white ;  has  broad 
foliaceous  heart-shaped  cotyledons,  and  is  imbedded  in  an  oily 
albumen,  having  a  bland  and  scarcely  acrid  taste. 

In  India  two  varieties  of  castor  oil  beans  are  cultivated : 

1.  Ricinus  communis^  minora  Linn.,  small  seeded  variety,  with 
seed  0.47  inch  and  less  long ;  this  variety  is  expressed  for 
medicinal  use. 

2.  Ricinus  communis^  majors  Linn.,  large-seeded  variety,  with 
seed  0.70  to  0.78  inch  long;  the  oil  expressed  from  this  seed  is 
used  only  for  technical  purposes,  as  illuminating  oil,  and  for 
soap  boiling. 

The  seed  is  odorless,  has  a  sweetish,  afterward  acrid  taste ; 
the  parenchymatous  cells  carry  drops  of  fat  and  large  gluten 
bodies  partially  enclosing  crystalloids. 

The  shell  amounts  to  about  20  to  24  per  cent,  of  the 
entire  seed,  and  contains  about  10  per  cent.  ash.  The  shelled 
seed  contains  seldom  less  than  50  to  60  per  cent,  of  oil,  the  other 
substances  being  distributed  as  follows: 

Italian  seed.  Indian  seed. 

Oil 52.62  p.  c.  55*23  p.  c. 

Organic  substances 3^45     "  34«i  <     '* 

albumen  therein 20.50  p.  c.  19.26  p.  c. 

sugar 2.12    "  2.25   " 

Ash 2.93    "  3.40    " 

Water 8.00    "  7.26 


M 


«*  Ynrk  nrs      *< 


100.00      "  100.00 


Amongst  the  organic  substances  are  also  found  gum-like 
bodies,  starch,  resin,  bitter  principle,  a  peculiar  acrid  substance, 
and,    according    to   Tuson,   an   alkaloid    "ricinin,"    which    is 
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soluble  in  water  and  alcohol,  but  scarcely  soluble  in  ether  and 
benzol. 

The  former  differences  in  the  color,  etc.,  of  castor  oil  were 
due  to  the  various  methods  of  preparation ;  thus  it  was  form- 
erly prepared  in  the  East  Indies  by  boiling  the  pulped  seed  with 
water  and  taking  off  the  oil  collected  on  the  surface.  This 
method  is  still  in  use  for  the  preparation  of  illuminating  oil 
from  the  large  ^seeded  variety,  the  seed  being  first  roasted  over 
an  open  fire.  The  oil  is  highly  colored  and  very  empyreumatic. 
Formerly  the  oil  was  partially  pressed  hot,  as  is  still  done  in 
Greece,  and  partially  cold,  the  latter  process  being  first  com- 
menced in  England  and  yielded  ''  cold  drawn  castor  oil."  In 
Italy,  Calcutta  and  Madras,  for  the  best  quality  of  oil,  the  seed 
is  freed  from  the  shell  by  pounding  with  wooden  mallets  and 
the  wormy  portions  carefully  picked  out,  which  causes  a  waste 
of  30  per  cent. 

Fig.  215  exhibits  a  machine  for  freeing  castor  seed  from  its 
shell,  constructed  by  Rose,  Downs  &  Thompson,  and  intended 
for  steam  power.  The  seed  is  brought  into  the  hopper  A  and 
passes  through  between  two  rolls  moving  at  a  fixed  distance 
from  each  another,  so  that  by  a  gentle  pressure  the  shell  is  de- 
tached from  the  kernel.  The  shelled  seed  in  falling  down 
meets  a  current  of  air  produced  in  the  cylinder  Z?,  whereby  the 
shells  are  separated  from  the  seed,  which  collects  by  itself  in  E. 

For  hand-power  the  machine.  Fig.  214,  p.  410,  may  be  used, 
it  being  constructed  according  to  the  same  principle. 

The  cleansed  seed  is  comminuted  in  the  usual  manner  and 
pressed  twice  cold,  and  the  third  time  assisted  by  heat. 

The  three  pressures  yield  46  to  50  per  cent,  of  oil,  220 
pounds  of  cleansed  seed  giving  the  following  quantities : 

iBt  pressure 57.0  to  64  ^  pounds. 

2d  pressure 28.5  to  31.0 

3d  pressure — iUuminating  oil 1 2.5  to  12.5 


M 


The  oil  as  it  escapes  from  the  press  is  received  in  well-tinned 
vessels  and  allowed  to  settle,  care  being  had  not  to  expose  it  to 
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the  sun,  which  would  make  it  rancid.  It  is  also  frequently 
mixed  with  some  water,  and  heated  to  the  boiling  point  to 
coagulate  the  albumen  and  scum.  This  is  carefully  removed, 
and  the  oil,  a.s  soon  as  cold,  is  filtered  through  canton  flannel 
and  put  into  canisters.  It  is  termed  "cold  drawn,"  and  is  the 
only  one  fit  for  medicinal  use. 

A  commoner  kind  of  oil  is  prepared  by  the  action  of  hot 
steam  upon  the  seed  and  subsequent  hot  pressure,  mixing  the 
obtained  oil  with  animal  charcoal  and  filtering  through  flannel. 
In  the  East  Indies  the  method  is  sometimes  adopted  of  putting 
the  crushed  seed  in  bags,  to  boil  these  in  water,  and  to  skim' 
ofTthe  floating  oil. 

In  the  United  States  a  somewhat  different  method  of  ex- 
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traction  is  used.  The  cleansed  seed  is  brought  into  iron  tanks 
and  gently  heated,  care  being  had  to  prevent  roasting,  since 
the  only  object  of  this  operation  is  to  make  the  oil  more  fluid. 
The  pressing  itself  is  accomplished  by  means  of  hydraulic 
presses,  each  provided  with  a  number  of  movable  plates  and  a 
cylinder.  The  oil  first  expressed  runs  into  a  large  reservoir. 
The  pressed  seed  is  thrown  together  in  a  pile  and  remains 
there  for  one  day,  when  it  is  again  heated  in  an  iron  tank  and 
pressed.  This  gives  a  second  quality  of  oil  which  is  used  as  a 
lubricant.  Part  of  the  press-cake  is  used  as  fuel,  and  the  other 
part,  in  connection  with  other  materials,  is  employed  in  the 
manufacture  of  fertilizers.  By  heating  with  water,  as  described 
above  under  cold  drawn  oil,  the  oil  obtained  by  the  first  pres- 
sure is  further  purified. 

In  California,  where  the  castor-oil  plant  has  been  cultivated 
for  many  years,  the  oil  is,  however,  obtained  by  cold  extraction. 
The  spikes  containing  the  beans  should  be  collected  before  be- 
coming too  ripe,  and  spread  upon  a  smooth  plat  of  ground  to 
permit  the  sun  to  dry  and  crack  them  open,  when  they  eject  the 
beans  with  considerable  force.  They  are  then  gathered  and 
cleaned  by  means  of  a  common  fanning  machine.  .  They  should 
be  converted  into  oil  as  soon  as  possible  after  gathering,  as  in  a 
few  weeks  they  become  rancid,  yielding  an  oil  with  irritating 
properties.  The  beans  are  first  finely  ground  and  subjected  to 
strong  pressure  by  means  of  a  circular  screw-press,  which  is 
usually  from  6  to  8  feet  high  by  2  or  3  feet  in  diameter,  with 
open  slats  through  which  the  oil  is  forced  as  the  mass  is  com- 
pressed. The  oil,  as  thus  extracted,  presents  a  thick,  white, 
milky  appearance,  and  is  ready  for  clarification.  This  process 
varies  with  different  manufacturers.  At  the  San  Francisco  oil 
works  it  is  rendered  clear  by  steam  heat,  which  causes  the  de- 
position of  the  extraneous  matter,  but  in  Marysville  and  Los 
Angeles  it  is  clarified  by  means  of  solar  heat.  Tanks  of  tin  of 
convenient  size  are  provided,  screened  in  some  instances  with 
glass  covers  to  prevent  the  settling  of  dust  on  the  surface  of  the 
oil.     These  tanks  are  filled  with  the  milky  product  of  the  press 
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and  exposed  to  the  rays  of  the  sun,  which  settles  the  foreign 
matter,  leaving  about  six  inches  of  clear  oil  on  the  top  during 
the  course  of  the  day,  which  at  nightfall  is  carefully  drawn  off 
by  means  of  stop-cocks  in  the  sides  of  the  tanks.  These  are 
again  filled  with  the  oil  and  the  process  repeated  every  day. 
The  oil  clarified  by  steam  heat  is  straw-colored,  of  a  slight 
greenish  hue.  That  obtained  by  solar  heat  is  lighter  colored, 
almost  transparent,  and  of  superior  clearness. 

California  oils  are  perfectly  soluble  in  alcohol,  miscible  with 
the  fixed  and  essential  oils,  free  from  acidity  or  acridity.  Their 
specific  gravity  is  between  0.940  and  0.960,  which  is  fully  equal 
to  the  imported  oils. 

Castor  oil  is  thickish,  203  times  heavier  than  water  at  59°  F., 
and  377  times  heavier  at  45.5°  F.  It  is  very  viscid,  colorless, 
or  of  a  slightly  greenish-yellow  color,  and  transparent.  It  has 
a  mild  flavor  with  a  pungent  after-taste,  the  latter  being  very 
slight  in  Italian  and  French  oil,  but  more  pronounced  in  Amer- 
ican oil.  In  medicine  it  is  used  as  a  mild  purgative.  Exposed 
to  the  air  it  becomes  rancid,  and  in  that  case  should  not  be 
used  internally,  as  it  acquires  injurious  and  even  poisonous 
qualities.  By  long  exposure  to  the  air  it  becomes  thick  and 
forms  a  viscid  mass,  which,  however,  does  not  become  solid. 
Spread  out  in  a  very  thin  layer  it  acquires  some  solidity,  but 
this  is  rather  due  to  its  partly  soaking  into  the  base  and  partly 
to  the  action  of  dust  upon  the  oil. 

The  specific  gravity  of  castor  oil  is 

At   53.5°  F 0.9699 

"    59°     " 0.9667 

"    if    " 0.9575 

"  201.0°  " 0.9081 

Castor  oil  is,  according  to  Bouis  and  Silbermann,  without 
rotating  power,  while,  according  to  Hanbur>%  it  turns  the  plane 
of  polarization  to  the  right.  It  becomes  turbid  at  10.5^  F., 
and  solidifies  at  1.5°  to  —0,$^  F.  The  American  oil,  being 
richer  in  stearin,  solidifies  at  14°  to  10.5°  F. 

VOL.  I — 28 
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Castor  oil  is  miscible  in  all  proportions  with  absolute  alcohol 
and  glacial  acetic  acid.  It  is  soluble  in  4  parts  of  alcohol  of 
0.835  or  0.850  specific  gravity  at  59^  F.,  and  mixes  without 
becoming  turbid  with  equal  parts  of  the  same  solvent  at  ^^^  F. 
In  petroleum-ether  it  is  entirely  insoluble.  It  is  readily  sapon- 
ified to  a  white  transparent  soap — 4  parts  oil  to  i  part  caustic 
alkali — which  dissolves  in  pure  water  without  making  it  turbid 
or  opalescent.     On  stirring,  the  soap  solution  foams  strongly. 

Castor  oil  contains,  according  to  Ure : — 

Carbon 74*00  per  cent. 

Hydrogen 10.26 

Oxygen 15.71 


Of  the  acids  occurring  in  castor  oil,  ricinoleic  acid  CisHsiOs  is 
the  most  prevalent,  stearic  and  palmitic  acids  being  present 
only  in  small  quantities. 

The  oil  boils  at  527°  F.,  oenanthol  CtH^O,  oenalthylic  acid 

C  H  O  i 
^    "tt  c  O,  and  acrolein  C.H^O,  passing  over.     When  about 

one-third  of  the  oil  is  volatilized  in  the  form  of  these  products, 
the  residue  after  removal  from  the  fire,  suddenly  swells  up  and 
solidifies  to  a  viscid,  spongy  mass,  which  is  insoluble  in  water, 
alcohol,  and  ether,  and  on  boiling  with  potash  lye  gives  a  clear 
soap  paste. 

Nitric  acid  of  1.18  specific  gravity,  shaken  with  castor  oil, 
produces  no  effect;  the  mixture  is  whitish  but  turns  yellow 
after  several  hours.  On  shaking  with  acid  of  1.30  specific 
gravity,  which  contains  nitrous  acid,  the  oil  immediately  turns 
yellow  and  becomes  thick  in  two  hours.  By  adding  to  the  last 
mixture  starch  or  granulated  copper,  the  oil  is  changed  in  6  to 

7  hours  into  a  solid  white  mass,  ricinelaidin         "  v\  fu\   \  ^»* 

Concentrated  sulphuric  acid  first  produces  a  yellow  coloring, 
which  gradually  becomes  darker  yellow,  and,  on  stirring,  passes 
into  a  reddish  hue. 

A  solution  of  30.75  grains  of  nitrate  of  silver  in  0.35  ounces 
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of  water,  mixed  with  3.0  ounces  of  absolute  alcohol,  is  not 
reduced  by  boiling  with  castor  oil. 

Of  iodine  up  to  52  per  cent,  is  dissolved  by  castor  oil. 

Potash  lye  shaken  with  castor  oils  gives  a  white  granulated 
mass. 

In  testing  for  adulterations,  consistency,  color,  odor,  and 
taste  should  first  be  considered.  On  treating,  as  above,  with 
nitric  acid  and  starch,  pure  castor  oil  solidifies  to  a  whitish 
mass  in  6  to  7  hours.  In  the  presence  of  foreign  oils  solidifi- 
cation is  not  complete ;  the  mass  is  yellowish  or  reddish  and 
remains  smeary. 

Finkener  recommends  the  alcohol  test  for  testing  castor  oil, 
the  latter  dissolving  in  nearly  every  proportion  in  alcohol  of 
0.829  specific  gravity  at  63.5°  F.,  while  oil  adulterated  with 
not  more  than  10  per  cent,  of  other  fat  oils  gives  very  turbid 
solutions,  from  which  it  later  on  settles  on  the  bottom  of  the 
glass.  For  making  the  test,  i  volume  of  oil  and  5  volumes  of 
alcohol  are  used. 

Saponification  number  of  the  oil 201-203 

Iodine  number  of  the  oil 93-94 

«*  "       of  the  fatty  acids 87-88 

Fusing  point  of  the  fatty  acids 55*4^  P* 

Solidifying  point  of  the  fatty  acids 374^  I^* 

Although  much  castor  oil  is  used  for  medicinal  purposes,  in 
the  manufacture  of  pomades,  etc.,  the  amount  is  small  as  com- 
pared with  the  enormous  quantities  used  in  the  manufacture  of 
soap,  as  illuminating  oil,  (in  China  fresh  castor  oil  is  said  to  be 
used  even  as  table  oil),  for  the  preparation  of  so-called  leather- 
oil,  and  for  other  technical  purposes. 

Turkey  red  oil  is  a  preparation  used  in  dyeing  and  calico 
printing,  especially  in  the  production  of  **  Turkey  red,"  whence 
the  name  applied  to  this  product,  and  is  manufactured  from 
olive,  cotton-seed  and  similar  oils.  A  superior  article  is  ob- 
tained by  mixing  castor  oil  with  concentrated  sulphuric  acid, 
carefully  avoiding,  by  cooling  and  slowly  adding  the  acid,  the 
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heating  of  the  mass  above  95^  F.  and  the  evolution  of  larger 
quantities  of  sulphurous  acid.  Water  is  then  added,  and,  after 
allowing  to  settle,  the  lower  layer  is  drawn  ofT  and  washed  with 
common  salt  solution  until  the  wash  water  shows  but  a  slightly 
acid  reaction.  Enough  ammonia  is  then  run  in  and  carefully 
mixed  with  the  washed  oil  until  a  sample  forms  a  perfect  emul- 
sion with  water. 

The  acid  Turkey  red  oil  not  neutralized  with  ammonia  may 
be  resolved  into  two  portions,  one  soluble  and  the  other  not 
soluble  in  water.     The  operation  is  as  follows : 

The  product  of  the  reaction  obtained  by  mixing  oil  and  sul- 
phuric acid  is  dissolved  in  ether,  freed  from  sulphuric  acid  by 
shaking  with  common  salt  solution,  and  then  repeatedly  agitated 
with  water.  The  combined  aqueous  extracts  are  mixed  with 
common  salt,  whereby  the  water-soluble  portion  is  separated  as 
oil.  The  ethereal  layer  on  evaporating  leaves'  behind  the  por- 
tion not  soluble  in  water. 

The  investigations  of  Benedikt  and  Ulzer  *  have  shown  that 
the  soluble  portion  of  Turkey  red  oil  consists  of  ricinoleosulphuric 
acidy  which  is  formed  according  to  the  following  equation : 

Ci8H330,..C)H  4-  HjSO,  =  CigHsjOj.OSOaH  -f  H,0. 
Ricinoleic  acid.  RiciDoleosulpburic  acid. 

Ricinoleosulphuric  acid  is  miscible  in  all  proportions  with 
water,  its  watery  solutions  foaming  like  soap  solutions.  From 
the  aqueous  solutions  the  ricinoleosulphuric  acid  may  be  sep- 
arated by  common  salt,  moderately  dilute  sulphuric  acid  and 
hydrochloric  acid,  the  acid  collecting  on  the  bottom  of  the 
vessel  as  a  heavy  oil.  By  then  shaking  with  ether  three  layers 
are  obtained ;  and  as  the  acid  is  soluble  with  difficulty  in  this 
solvent,  it  separates  as  the  middle  layer,  containing  much  ether. 
With  lead,  copper,  calcium  and  barium  salts  it  gives  smeary 
precipitates. 

Ricinoleosulphuric  acid  is  not  decomposed  by  boiling  its 
aqueous   or  alkaline  solutions,  but  by  boiling  it  with  dilute 

*  Zeitschrift  f.  d.  chem.  Industrie,  1887,  298. 


DESCRIPTIONS,  PROPERTIES,  ADULTERATIONS,  ETC.       437 

hydrochloric  or  sulphuric  acid  it  readily  splits  into  ricinoleic 
and  sulphuric  acids. 

Kobert  has  pointed  out  that  Turkey  red  oil  possesses  poison- 
ous properties. 

The  insoluble  portion  of  Turkey  red  oil  consists  largely  of  free 
ricinoleic  acid,  and  generally  contains  some  neutral  fat  and 
perhaps  anhydrites  of  ricinoleic  acid.  . 

For  the  preparation  of  Turkey  red  oil,  castor  oil  cannot  be 
replaced  by  another  oil  or  by  oleic  acid,  the  other  fatty  acids, 
when  treated  with  sulphuric  acid,  yielding  saturated  oxyacids 
and  their  sulphuric  acid  esters,  for  instance : 

C„H,,0,  -f  H,SO,  =  C„H,s(OSO,H)0,. 
Oleic  acid.  Oxystearosulphuric  acid. 

By  the  excess  of  sulphuric  acid  the  oxystearosulphuric  acid 
is  mostly  decomposed : 

Ci8H„(OSO,H)0,  -h  H,0  =  C,8H«j(0H)0,  -f  HjSO^. 
Oxystearosulphuric  acid.  Oxystearic  acid. 

Hence,  castor  Turkey  red  oil  contains  exclusively  non-satur- 
ated acids,  and  oleic  acid  and  olive  Turkey  red  oils  satur- 
ated acids.  This  explains  the  reason  why  the  former  possesses 
great  oxidizing  power,  which  is  the  chief  point  in  dyeing,  while 
the  latter  lack  this  property. 

Commercial  Turkey  red  oils  ase  more  or  less  thickly-fluid, 
transparent  and  yellow  in  thin  layers,  brown  in  thicker  layers. 

A  sample  of  Turkey  red  oil  should  yield  with  water  an 
emulsion  separating  drops  of  oil  only  after  standing  for  some 
time.  Stir  together  in  a  graduated  test-tube  i  part  of  the  oil 
to  be  tested,  first  with  a  small  quantity,  and  then  successively, 
with  10  parts  by  volume  of  warm  water;  make  the  same  test 
with  a  standard  commercial  product  and  compare  the  behavior 
of  the  two  emulsions.  Both  fluids  must  show  the  same  slightly 
acid  reaction  with  litmus  paper,  but  should  not  be  neutral  or 
exhibit  an  alkaline  reaction.  Should  the  latter  be  the  case, 
add  acetic  acid  drop  by  drop  until  the  reaction  and  degree  of 
turbidity  of  both  fluids  are  alike. 


438  ANIMAL  AND   VEGETABLE   FATS   AND   OILS. 

Good  qualities  of  oil  dissolve  perfectly  clear  in  ammonia,  no 
turbidity  being  formed  by  the  subsequent  addition  of  much 
water. 

An  alcoholic  solution  of  Turkey  red  oil  not  prepared  from 
castor  oil  is  the  more  turbid  the  more  unchanged  oil  (neutral 
fat)  is  present. 

For  a  dyeing  test  two  pieces  of  cotton  cloth  of  the  same 
size  are  prepared  with  the  samples  of  Turkey  red  oils  to  be 
compared.  For  this  purpose  mix  i  part  of  the  oil  with  lo  to 
20  parts  water — many  adding  ammonia  until  the  fluid  is  just 
clear — saturate  the  pieces  of  cloth  with  the  mixture,  and  dry. 
Then  mordant  slightly  with  alumina,  dye  with  alizarin,  or 
print  with  steam  rose-color,  and  finish  the  colors  in  the  known 
manner  by  soaps,  brightening,  etc. 

The  value  of  a  Turkey  red  oil  depends  mainly  on  its  total 
content  of  fat,  whereby  is  to  be  understood  the  sum  of  the 
portion  of  the  acidulated  oil  insoluble  in  water  (fatty  acids, 
oxy- fatty  acids  and  neutral  fat),  and  of  the  oxy-fatty  acids 
obtainable  by  decomposition  of  the  soluble  sulphurized  acids. 
For  more  exact  examinations  the  contents  of  neutral  fat,  sul- 
phurized fatty  acids,  ammonia,  etc.,  are  determined.  Finally, 
to  draw  a  conclusion  regarding  the  nature  of  the  fat  used  in 
the  preparation  of  the  Turkey  red  oil,  the  total  fat  is  titrated 
according  to  Hubl  and  the  number  determined. 

As  an  example  of  the  composition  of  Turkey  red  oil,  the 
analysis  of  a  product  of  acknowledged  good  quality  may  be 
given : 

Portion  of  the  fat  mass  soluble  in  water   9.5  per  cent. 

Insoluble  portion  of  the  fat  mass  neutral  fat 1.3 

Insoluble  portion  of  the  fat  mass  fatty  acids 47.2 


« 


Total  fat 58.0       " 

Ammonia 1.8      " 

Total  sulphuric  acid 4.6      ** 

Castor  oil  comes  into  commerce  from  the  East  Indies — Cal- 
cutta, Madras,  Bombay — and  Italy,  and  a  comparatively  small 
portion  also  from  America. 
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The  Italian  oil  is  considered  the  best  as  regards  color  and 
taste,  and  consequently  brings  a  much  higher  price  than  the 
East  Indian  product.  Much  East  Indian  seed  is  also  expressed 
in  Italy. 

London  is,  so  to  say,  exclusively  the  European  market  for 
East  Indian  castor  oil,  while  the  Italian  product  is  procured 
directly  from  the  producers,  who  are  scattered  throughout  the 
Upper  Italian  cities,  especially  Verona,  Padua,  Vicenza, 
Trieste,  etc. 

East  Indian  and  Italian  castor  oil  comes  into  commerce  in 
tin  canisters  generally  holding  20  kilogrammes  (44  lbs.)  net. 
East  Indian  oil  is  also  exported  in  larger  canisters,  while  the 
finest  quality  of  Italian  oil  for  medicinal  purposes  is  also 
packed  in  canisters  holding  10  kilogrammes  (22  lbs.). 

The  seed  of  the  following  varieties  of  Ricinus  is  also  used  in 
different  warm  countries  for  the  production  of  oil,  which  is 
mostly  employed  for  illuminating  purposes : 

Ricinus  viridis,  Willd. ;  R,  rubers  Rumpf ;  R.  inermis,  Jacq. ; 
R.  lividuSy  Willd. ;  R.  africanus^  Willd. ;  R,  americanus^ 
Aldini. 

6.  Purgir-nut  oil  {oleum  cicinum,  Curcasol,  G. ;  huile  de 
pignon  d'  Inde,  F.)  is  contained  in  the  seed  of  Jatropha  cur- 
caSy  Linn.  =  Curcas  purgans.  Ad.  a  small  tree  or  shrub  in- 
digenous to  India,  and  cultivated  in  Africa  and  South 
America.  The  seed  resembles  the  castor-bean,  but  is  larger ; 
it  is  black,  not  glossy,  somewhat  rough,  and  marked  with 
numerous  small  cracks.  It  is  inodorous ;  the  kernel  has  a 
sweetish  and  oily  taste,  which  gradually  becomes  acrid  and 
burning.  The  seed  is  shelled  before  pressing  and  contains  30 
to  40  per  cent,  of  oil,  the  average  composition  being  as  follows : 

Oil 37-50  p*  c* 

Organic  substances V^'S^    ** 

albumen  therein 16.24  p.  c. 

Ash 4.80 

Water 7.20 


it 


100.00    * 
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Besides,  albumen,  sugar,  starch,  and  casein  are  found  among^ 
the  organic  substances. 

The  oil  is  of  a  lighter  color  than  linseed  oil,  inodorous,  has  a 
mild  flavor  with  a  pungent  after-taste,  produces  no  inflamma- 
tion upon  the  skin,  and  is  a  strong  purgative.  It  is  much 
more  limpid  than  castor  oil,  and  has  a  specific  gravity  of 
0.915  at  59°  F.  At  17.5°  F.  it  becomes  a  butter-like  mass, 
and  solidifies  at  10.5°  t".  It  is  sparingly  soluble  in  water,  but 
entirely  so  in  24  parts  of  alcohol. 

It    contains    ricinoleic   acid,    because   when   distilled   with 

potash    lye,   it   yields    capryl   alcohol   CbHwO,   and,   further, 

stearic,    palmitic,    and    myristic    acids.      The    isocetic    acid 

C  H    ^ 
"  u  (  0»  found  by  Bouis  melts  at  131^  F. ;   it  is  a  mixture  of 

of  70  parts  palmitic  and  30  parts  myristic  acid. 

The  oil  is  much  used  for  illuminating  purposes,  burning 
without  smell  or  smoke,  and  in  the  manufacture  of  soap.  The 
oil  pressed  from  African  seed  is  used  as  a  lubricant  in  Eng- 
land. 

Although  the  oil  does  not  possess  completely  drying  prop- 
erties, it  undergoes  a  change  in  the  heat,  and  boiled  with  ferric 
oxide,  the  mixture  is  used  as  a  varnish. 

7.  Jatropha  glanduliferay  Roxb.  The  oil  obtained  from  the 
seed  of  this  plant  has  a  straw  color,  about  the  consistency  of 
castor  oil,  and  a  specific  gravity  of  0.963  at  59°  F.  It  con- 
tains considerably  more  stearic  and  palmitic  acid,  it  solidifying 
at  23°  F.     It  is  used  externally  as  an  irritant. 

8.  Jatropha  multifiday  Linn.,  has  edible  leaves  known  as 
**  Nicaragua  cabbage."  The  root  is  used  as  a  purgative  and  the 
seed  contains  an  oil  known  as  pinho'c  oil  which  is  very  similar 
to,  if  not  identical  with,  purgir-nut  oil. 

9.  Euphorbia  Lathyris,  Linn,y  the  caper  spurge  or  garden 
spurge,  a  South  European  herb,  cultivated  in  gardens  and 
somewhat  naturalized  in  North  America.  The  seed  was  for- 
merly officinal  as  semen  cataputicB  minoris;  it  is  about  yi  inch 
long,  brown  marbled  with  gray,  and  rugose.     The  cotyledons 
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contain  35  to  40  per  cent,  of  oil  known  as  spurge  oil  or  purging 
oil  {Purgirkemolf  G. ;  huile  d'  epurge,  F.).  The  oil  has  a  mild, 
afterward  acrid,  taste,  is  of  a  pale  yellow  color,  and  of  specific 
gravity  0.926  at  59^  F.  It  is  used  as  lamp  oil  and  in  the  man- 
ufacture of  soap.     It  solidifies  at  12^  F. 

10.  Hura  crepitans t  Linn.,  sand  box-tree,  a  tree  indigenous 
to  tropical  America.  The  seed  contains  a  clear  oil,  slightly 
colored,  known  as  sand  box-tree  oily  with  purgative  properties. 

11.  Andi  Gomessiy  Juss.  The  seed  of  the  fruit  *'coco  de 
purga  "  yields  an  oil  which  is  used  medicinally  in  Brazil.  It  is 
pale  yellow,  without  odor  or  taste,  and  has  a  specific  gravity  of 
0.927.     It  is  intermediate  between  drying  and  non-drying  oils. 

12.  Siphonia  elastica,  Linn.  The  oil  obtained  from  the  seed 
of  this  tree  is  known  as  caoutchouc  tree  oil^  and  is  well  adapted 
for  the  manufacture  of  a  hard  soap  and  printing  ink. 

Of  other  Euphorbiaceae  which  yield  oil  belong 

1.  To  the  drying  oils  (which  see):  Euphorbia  dracuncu- 
loideSf  Lam. ;  Elaeococca  verrucosa^  Comm. ;  Aleuriies  triloba, 
Linn. ;  A,  gabonensis,  Linn. ;  A,  cordata,  Linn. ;  Baliospermum 
montanuniy  Miill. ;  Buchanania  latifolia,  Willd. ;  Bottleria  tine- 
toria,  Roxb. 

2.  To  the  solid  fats  (which  see)  :     Stillingia  sebifera,  Juss. 

Sapindacece, 

Ungnadia  oil.  From  the  fruit  of  Ungnadia  speciosa,  Endl.,  a 
small  tree  or  shrub  indigenous  to  Texas  and  naturalized  in 
Mexico  and  a  portion  of  western  North  America,  an  oil  is  ob- 
tained which,  as  regards  taste,  resembles  almond  oil.  The  fruit 
is  a  broad  trilobate,  tricoccous,  leathery,  smooth  capsule,  each 
cell  enclosing  a  single  nearly  round  seed.  The  testa  is  dark 
chestnut  brown,  fragile,  very  smooth  and  lustrous,  and  provided 
inside  with  a  thin  membrane.  The  seed  is  without  albumen,  it 
being  filled  up  by  the  embryo.  The  cotyledons  are  very  thick 
and  fleshy  and  almost  semi-spherical.  The  seed  has  an  agree- 
able sweet  taste  not  unlike  that  of  walnuts  and  almonds,  and 
produces  nausea  and  even  vomiting.     It  contains  46  to  50  per 
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cent,  oil ;  when  ignited  the  seed  burns  like  walnuts  or  Para 
nuts  with  a  luminous,  sooty  flame. 

The  oil  expressed  from  the  seed,  or  extracted  with  ether  or 
benzine,  has  a  mild,  agreeable,  almond-like  taste,  and  is  very 
suitable  as  a  table  oil,  it  lacking  the  disagreeable  properties  of 
the  seed. 

The  oil  is  pale-yellow  and  limpid ;  its  specific  gravity  at  59^ 
F.  is  0.9120,  at  212^  F.,  0.854,  and  it  solidifies  to  a  white  mass 
at  10.4°  F.  It  keeps  for  a  long  time  in  the  air  without  becom- 
ing rancid,  it  sharing  this  property  with  ben  oil.  It  contains 
no  free  fatty  acids. 

The  oil  consists  chiefly  of  the  glyceride  of  oleic  acid  besides 
small  quantities  of  the  glycerides  of  palmitic  and  stearic  acids ; 
22  per  cent,  palmitin  and  stearin  and  75  per  cent,  olein. 

SaponiBcation  number  of  the  oil  • 191  to  192 

Iodine  number  of  the  oil 81.5-82 

Iodine  number  of  the  fatty  acids 86-87 

Content  of  insoluble  fatty  acids  (Hehner's  number) 94.12  p.  c. 

Fusing  point  of  the  fatty  acids 66.2^  F. 

Solidifying  point  of  the  fatty  acids 50^  F. 

Hippocastanece  ( Malpighina  ) . 

Horse-ehestnut  oil  {Rosskastanienol^  G. ;  huile  d'  hippocastane, 
F.)  from  the  fruit  of  the  horse-chestnut,  Aesculus  hippocasta- 
num,  Linn.,  a  tree  indigenous  to  Persia  and  India,  naturalized 
in  Europe  and  America.  Horse-chestnuts  contain,  besides 
starch,  sugar,  gum,  and  bitter  principle,  6  to  8  per  cent,  of  oil, 
which  is  obtained  in  a  peculiar  manner.  The  chestnuts,  com- 
minuted together  with  the  shell,  are  boiled  in  water  containing 
sulphuric  acid,  and  the  oil  which  collects  on  top  of  the  con- 
centrated starch  syrup  formed,  is  skimmed  off.  The  fresh  oil 
has  a  brownish-green  color  and  a  peculiar  flavor,  with  a  bitter 
after-taste.  It  keeps  well,  has  a  specific  gravity  of  0.929  at 
59°  F.,  and  solidifies  at  34.25°  F.  Its  principal  use  is  as  an 
external  remedy  for  gout,  rheumatism,  and  neuralgia.  It  is 
readily  saponified. 
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Malvacea  {Colufnniferce) , 

I .  Cottonseed  oil  (  Oleum  gossypii — Baumwollensamehbl,  G. ; 
huile  de  cotton^  F.)  is  obtained  from  the  seed  of  the  different 
varieties  of  Gossypium^  Linn.,  of  which  there  are  more  than 
twenty,  though,  according  to  Hamilton,  there  are  but  three 
distinct  species — 

1.  Gossypiunt  alburn^  with  white  cotton  and  white  seeds. 

2.  Gossypiunt  nigrum,  with  white  cotton  and  black  seeds. 

3.  Gossypium  croceum,  with  yellow  cotton,  all  the  rest  being 
but  varieties  of  them. 

The  most  important  varieties,  however,  are  Gossypium  herba- 
ceum,  indigenous  to  Central  and  South  Asia,  and  largely 
cultivated,  especially  in  North  America  and  Southern  Europe ; 
G.  arboreumy  L.,  cultivated  in  the  East  Indies ;  G,  barbadense, 
L.,  in  the  West  Indies ;  G.  religiosum,  L.,  in  the  East  Indies, 
especially  Bengal,  and  in  China  where  it  is  principally  culti- 
vated. 

The  seed  is  small  in  size,  and  varies  in  shape  from  ellipsoid 
to  fusiform,  and  in  color  from  pale  gray  through  yellow  and 
brown  to  almost  black.  Like  its  relatives,  rape  seed,  linseed, 
and  sesame  seed,  it  is  rich  in  oil,  albuminoids,  and  digestible 
cellulose.  Its  composition  varies  even  more  than  its  qualities. 
Of  forty  samples  examined  by  the  "  American  Analyst,"  the 
amount  of  oil  varies  between  10  per  cent.,  with  an  immature 
and  badly  dried  Sea  Island  seed,  to  29  per  cent.,  with  a  fully 
matured  Egyptian  seed.  The  albuminoids  and  other  nitro- 
genous substances  varied  from  18  to  25  per  cent.,  and  the 
lignin  or  woody  tissue  from  15  to  25  per  cent. 

These  variations  depend  partly  upon  the  variety  or  species 
of  the  cotton,  upon  the  climate,  season,  and  soil  where  it  is 
grown,  upon  the  care  and  skill  bestowed  upon  its  culture,  and 
upon  the  mode  employed  in  its  separation,  cleaning,  and  treat- 
ment. A  fair  idea  of  the  composition  of  cotton  seed,  and 
these  variations,  is  given  by  four  analyses  by  the  "American 
Analyst "  of  American  samples  of  about  the  same  appearance 
and  grown  in  the  same  latitude : 
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Constituents. 


Water 

Cotton-seed  oil 

Nitrogenous  compounds,  including  albuoiin- 

oids 

Ammonia-making  compounds 

Gum,  sugar,  and  soluble  starch 

Cellulose,  starch,  and  resin 

Ligneous  tissue  (lignin) 

Ash  /  P^o^phate  of  lime,  silica,  alumina,  > 
\     iron,  magnesia,  potash,  soda,  etc.  j 


South 
Carolina. 

95 
20. 1 

17.8 

.8 
26.2 
17.6 

5-7 
100.0 


Georgia.   Georgia.   Georgia. 


I. 


2. 


10.1 
16.2 


17.4 

17.2 

2.9 

3.2 

.9 

•7 

27.4 

26.1 

19.2 

19.8 

5-9 

6.1 

100.0 

100.0 

9.8 

8.2 

1 7.1 

19.6 

17.2    , 

18.1 

3.2    i 

3.7 

•7 

.9 

26.1 

20.7 

19.8 

22.4 

6.1 

64 

100.0 


Peeled  Egyptian  seed  showed  the  following  composition : 

Oil 23.95  per  cent. 

Organic  substance 59>9i       *' 

Albumin  therein 27.20  per  cent. 

Ash 8.60      " 

Soluble  phosphates  therein 1. 10      " 

Water 7.54 

100.00 


«< 
It 


The  oil  consists  of : 


Carbon 76.40  per  cent. 

Hydrogen 1 140 

Oxygen 12.20 

100.00 


M 


li 


«4 


One  hundred  pounds  of  seed  give  on  an  average : 

Hulls  with  lint • 49  to    46  pounds. 

Cakes 37  to    38        " 

Oil 14  to    16        " 

100  to  100        " 

The  hulls  are  used  either  as  fuel  or  fed  together  with  the 
press-cakes;  recently  they  have  been  recommended  for  the 
manufacture  of  paper,  the  product,  it  is  claimed,  being  of  a 
good  quality. 

The  manufacture  of  oil  from  the  seed  is  not  a  new  enterprise, 
though  it  is  only  within  a  comparatively  short  time  that  it  has 
grown  to  such   large  proportions  that,  according  to  an  able 
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Statistician,  the  factories  throughout  the  world  engaged  at  the 
present  time  in  its  production  exceed  a  thousand ;  the  capital 
invested,  ten  millions  of  dollars;  the  operatives  directly  em- 
ployed, thirty  thousand,  and  the  amount  of  its  annual  output  a 
half  million  tons. 

From  a  paper  read  before  the  Southern  Underwriters'  Asso- 
ciation, at  Atlanta,  Georgia,  by  Mr.  Henry  V.  Ogden,  of  New 
Orleans,  La.,  we  make  the  following  extracts  in  regard  to  early 
American  attempts  to  manufacture  the  oil : 

"  The  first  attempt  was  made  at  Natchez,  Miss.,  in  1834.  So 
far  as  can  be  ascertained,  the  honor  of  the  first  attempt  belongs 
to  Messrs.  James  Hamilton  Couper  and  Samuel  Plumber,  of 
Georgia,  and  associated  with  them  were  Mr.  Follet,  of  Norfolk, 
Va.,  and  Major  Anderson  Miller,  of  Louisville,  Ky.  The  late 
Archibald  Dunbar  and  other  prominent  citizens  invested  lib- 
erally of  their  means  and  shared  the  pecuniary  loss  that  fol- 
lowed. In  every  respect,  so  far  as  known,  the  attempt  was  a 
disastrous  failure. 

**In  the  year  1852,  just  eighteen  years  later,  it  attracted  the 
attention  of  William  Wilbur  and  Frederick  Goode,  of  New 
Orleans.  These  gentlemen  embarked  their  all  in  a  new  at«- 
tempt  to  give  it  practical  value,  and  they  conceived  and  carried 
out  the  plan  of  a  mill,  machinery,  and  process  of  extraction 
which  has  been  the  inspiration  of  much  that  followed.  Their 
improvements  enabled  them  to  make  oil  and  clarify  it ;  they 
made  the  first  soap  and  sold  the  first  oil  cake,  but  they  did  so 
only  to  share  the  fate  of  their  predecessors  of  1834,  for,  like 
them,  they  were  pecuniarily  ruined.  They  had,  however,  suc- 
ceeded far  enough  to  convince  themselves  and  demonstrate  to 
others  the  possibility  of  the  industry. 

**In  the  year  1855,  ^^'  C.  W.  Bradbury,  of  New  Orleans, 
engaged  in  the  enterprise.  He  was  the  first  to  demonstrate 
beyond  any  question  the  feasibility  of  the  manufacture ;  but 
his  operations  were  interrupted  by  the  breaking  out  of  the 
civil  war.  Messrs.  Paulin  Martin,  F.  M.  Fisk,  Paul  Aldige,  and 
A.  A.  Maginnis,  of  New  Orleans,  engaged  also  in  the  business. 
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and  were  interrupted  in  its  successful  prosecution  by  the  war. 
In  1855  a  mill  was  established  in  Cincinnati  and  successfully 
operated.  Captain  Jackson  Warner,  who  was  an  agent  for  the 
purchase  of  seed  for  this  mill,  says  that  on  visiting  the  farm  of 
Mr.  Joseph  Davis,  of  Mississippi,  for  the  purchase  of  seed,  his 
attention  was  called  to  the  dwelling  of  Mr.  Davis,  which  was 
handsomely  painted  twenty  years  ago  with  paint  in  which 
cotton-seed  oil  was  used.  Mr.  Davis  told  him  that  the  oil  was 
expressed  on  his  farm  by  a  small  wedge- press.  It  was  used  at 
Athens,  Ga.,  for  the  same  process  by  Dr.  Camak." 

In  1867,  just  after  the  war,  there  were  seven  mills  in  the 
country;  in  1870,  twenty-six;  and  in  1880,  as  will  be  seen 
from  the  accompanying  table  taken  from  the  Tenth  Census 
Report,  forty-five,  six  of  them  in  New  Orleans,  which  alone  in 
that  year  employed  1525  hands,  paid  out  $374,142  in  wages, 
and  produced  $2,742,000. 


Statbs  and 
Tkrhitoriss. 


The  United  States. 


Alabama  . . . . . 
Arkansas  . . . . . 
Connecticut 
Louisiana  . . .  • 
Mississippi  ..< 

Missouri 

Ohio 

Rhode  Island. 
Tennessee . . . . 

Texas 

Virginia 


ft 

2 


Average  number  of 
hands  employed. 


.•s 


CO 

3    Ml 


s. 


45       $3,862,300 


a 

8a  ,000 

4 

X 

375,000 
3,800 

la 

x,557,5a> 

B 

a 

450,000 
80,000 

X 

150,000 

X 

135,000 

9 

935.0CO 

4 

aoa.ooo 

X 

3.000 

I 


•5 


•a -9 

> 


3 

1 


V 

9 

•a 

> 


3"4        33 


X7a       $880,836    I  $s,o9x,a5x      $7,690,9ax 


150  I i $4a.50o 

337 79.400 


135a 
440 

55 

45 

3* 

044 

»5i 

8 


19 
3 


75 
66 


xo 


3 

4 
4 


x8 
3 


433,165 

94,860 

x8,75o 

7.450 

'4.899 

163,340 

36,373 

X,300 


$X58/»o 

$«47*98a 

378.000 

590,000 

500 

575 

3,380,9x0 

3.739.466 

371.080 

560.363 

80,000 

X40,ooo 

400,000 

458,085 

1x5,830 
8x3,000 

1,335,000 

t9a»44x 

376,450 

3,500 

8,aoo 

From  a  report  on  the  "Cotton- Seed  Oil  Industry,"  by  Pro- 
fessor E.  W.  Hilgard,  published  in  Vol.  V.  of  the  Tenth  Census 
of  the  United  States,  Washington,  1884,  we  give  the  following 
table,  showing  the  seed  worked  and  products  marketed  by 
twenty  oil  mills  in  different  States : 
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This  partial  statement  is  supplemented  by  a  summary  by 
Henry  V.  Ogden,  of  New  Orleans.  He  says:  "Taking  my 
estimate  of  the  consumption  of  seed  by  forty  oil  mills  this 
season  (1882),  the  proportion  and  value  of  the  total  product 
may  be  summed  up  as  follows : 

410,000  tons  of  seed,  yielding  35  gallons  crude  oil  to  the 
ton,  are  14,350,000  gallons,  worth  30  cents  per  gallon  . .  14,305,000 

Same  amount  of  seed,  yielding  22  pounds  cotton  lint  to  the 
ton,  is  9,020,000  pounds  cotton,  worth  8  cents  per  pound       721,600 

And  yielding  also  750  pounds  of  oil  cake  to  the  ton  (2240 

pounds)  is  137,277  tons  of  cake  at  $20  per  ton 2,745,540 


17,772,140 
Deduct  the  sum  paid  for  the  seed,  say 4,100,000 


And  there  remains  for  value  gained  in  manipulation  of  seed  13,672,140." 

From  September  i,  1883,  to  September  i,  1886,  there  were 
exported  from  New  York  88,871  barrels,  and  from  New 
Orleans  186,720  barrels,  making  a  total  of  275,591  barrels 
from  the  two  ports. 

According  to  the  Extra  Census  Bulletin  issued  in  Washing- 
ton, March  15,  1894,  there  are  in  the  United  States  119  estab- 
lishments engaged  in  the  manufacture  of  cotton-seed  oil  and 
cake  with  an  output  valued  at  $i9i33S,947.  The  chief  cotton- 
seed presses  are  located  at  the  following  points : 

Alabama :  Selma,  Mobile,  Montgomery,  Eufaula,  Huntsville. 

Arkansas:  Little  Rock,  Argenta,  Fort  Smith,  Texarkana, 
Brinkley,  Helena. 

Georgia :  Atlanta,  Augusta,  Albany,  Columbia,  Macon, 
Rome. 

Illinois:  Cairo. 

Louisiana :  New  Orleans,  Shreveport,  Baton  Rouge,  Mon- 
roe. 

Mississippi :  Clarksdale,  Columbus,  Canton,  Grenada,  Green- 
ville, Meridian,  Natchez,  Vicksburg,  West  Point. 

Missouri :  Saint  Louis. 

North  Carolina :  Charlotte,  Raleigh. 
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Tennessee :  Memphis,  Jackson,  Nashville,  Dyersburgh. 

Texas:  Brenham,  Dallas,  Galveston,  Houston,  Palestine, 
Waco. 

When  well  stored  and  properly  ventilated,  cotton-seed  keeps 
sweet  for  twelve  months.  If  allowed  to  become  damp,  or 
stored  too  long  in  bulk,  it  grows  heated  and  is  liable  to  spon- 
taneous combustion. 

Manufacture  of  cotton-seed  oil, — The  seed  when  landed  at  the 
mill  is  first  examined.  If  too  damp  or  wet  it  is  dried  by 
spreading  it  over  a  floor  with  free  access  of  air,  exposing  it  on 
frames  to  the  sunlight  in  warm  weather,  or  by  kiln-drying. 
Drying  is  the  exception  rather  than  the  rule  in  the  United 
States.  Cotton  ginning  is  so  carefully  done  that  the  seeds 
have  little  or  no  opportunity  to  become  wet.  Besides  this,  the 
seed  is  generally  held  at  the  gins  for  some  time  before  it  is  sold 
to  the  oil  manufacturer. 

The  first  process  in  preparing  the  dry  seed  for  the  mill  is  to 
free  it  from  dust.  This  is  effected  by  shaking  it  in  a  screen  or 
in  drums  lined  with  a  fine  metallic  net  and  containing  a  strong 
magnet  to  which  any  iron  nails  will  adhere,  which  are  fre- 
quently present.  From  the  drums  the  seed  drops  into  a  gutter 
leading  to  a  machine  which  removes  the  lint  left  by  the  gin. 
This  is  done  by  a  gin  constructed  for  the  purpose,  with  saws 
closer  together  than  the  ordinary  cotton-gin.  An  average  of 
twenty-two  pounds  of  short  lint  is  taken  from  a  ton  of  the  seed. 
This  product,  called  *'  linters,"  is  used  in  the  manufacture  of 
cotton  batting. 

For  stripping  the  seed  of  its  fibre  by  chemical  means  Wm. 
L.  Dudley*  proposes  the  following  process  (U.  S.  Patent, 
344,95 1 )  devised  by  him  and  N.  W.  Perry : 

The  seed  after  linting  is  subjected  to  the  action  of  nitrogen 
trioxide,  NaOj  and  sulphur  dioxide,  SOs,  either  in  the  above 
order  or  mixed  together ;  enough  air  attending  them  to  ''  re- 
generate" the  nitrogen  dioxide  NO.     This  is  probably  best 

*  Jour,  of  Analytical  and  Applied  Ch«m.,  VoL  VI.,  No.  3,  March,  1892. 
VOL.  I — 29 
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accomplished  by  having  the  seed  descend  a  chute  slowly- 
through  which  a  current  of  nitrogen  trioxide  is  ascending,  and 
then  into  a  chute  wh^e  sulphur  dioxide  and  air  are  ascending ; 
or  they  may  descend  through  a  chute  having  an  ascending 
current  of  nitrogen  trioxide,  sulphur  dioxide,  and  air.  After 
a  few  seconds'  exposure  to  these  gases  under  proper  condi- 
tions, the  fiber  on  the  seed  has  changed  very  little  in  appear- 
ance, but  its  structure  is  so  completely  destroyed  that  the 
slightest  friction  causes  it  to  fall  into  an  impalpable  powder. 
The  seed  is  left  perfectly  smooth,  showing  no  signs  of  corro- 
sion. It  has  a  slight  acid  reaction  on  the  outside,  but  the 
acid  is  speedily  removed  by  washing.  The  seed-coat  is  very 
hard,  and  is  impervious  to  the  gases.  No  trace  of  acid  has 
ever  been  discovered  in  the  interior.  The  seed  germinates  very 
quickly  if  planted.  The  acidity  may  also  be  removed  by  blow- 
ing lime  dust  on  the  seed  as  soon  as  it  comes  from  the 
" cleaner "  which  removes  the  disintegrated  fiber;  or  it  may 
be  carried  by  a  conveyer  through  lime  water  and  then  through 
a  dryer.  The  seed  is  now  ready  to  be  crushed  and  pressed, 
or  it  may  be  shipped  and  stored  as  well  as  Egyptian  or 
"sea-island"  seed. 

The  ** cleaner"  referred  to  above  may  be  any  good  grain 
cleaner.  The  disintegrated  fiber  is  quite  dry,  and  is  easily 
converted  into  glucose. 

The  nitrogen  trioxide  and  sulphur  dioxide  may  be  generated 
by  any  of  the  well  known  processes,  but  the  ordinary  methods 
employed  in  sulphuric  acid  making  are  the  most  economical. 
In  fact,  this  process  should  be  operated,  possibly,  in  connec- 
tion with  such  works ;  the  gases  escaping  from  the  cotton-seed 
chute  being  absorbed  in  the  tower  or  conveyed  into  the  leaden 
chamber,  so  that  there  is  no  loss. 

The  clean  seed  is  transferred  to  the  sheller  or  huller,  which 
consists  of  a  revolving  cylinder  containing  twenty  four  cylin- 
drical knives  and  four  back  knives.  The  sheller  revolves  at 
great  speed,  and  as  the  seed  is  forced  between  the  knives  the 
pericarp  or  hull  is  broken  and  forced  from  the  kernel. 
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Fig.  2i6  shows  Well's  Champion  Cotton-seed  Huller,  It  is 
a  substantial  machine,  and  is  so  constructed  that  the  larger 
pieces  of  iron  or  other  foreign  substances  found  in  the  seed  will 
not  enter  between  the  cylinder  and  concave  knives,  while 
smaller  pieces,  such  as  nails  and  the  like  cannot  damage  it. 


care  being  taken  to  place  the  top  concave  knife  close  to  the 
cylinder  knife.  It  will  hull,  perfectly  clean,  thirty  tons  of  dry 
seed  in  ten  hours,  and  will  hull  damp  or  green  seed  fully  as 
well,  though  not  quite  so  fast.  The  huller  is  manufactured  by 
The  Stillwell-Bierce  &  Smith-Vaile  Co.,  of  Dayton,  Ohio. 
The  mixed  shells  and  kernels  are  separated  in  a  winnowing 
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machine  by  a  strong  blast  of  air.  This  removal  of  the  husk 
makes  a  vast  difference  in  the  meal  cake,  a  desiccated  or 
decorticated  cake  being  five  times  more  nutritious  and  whole- 
some than  an  undecorticated  cake. 

Being  thus  cleaned,  shelled,  and  separated,  the  kernels  are 
carried  by  a  system  of  elevators  to  the  upper  story,  and  then 
pass  down  into  the  crusher  rolls  to  be  ground  to  flour.  The 
rolls  shown  in  our  illustration  (Fig.  217)  are  manufactured  by 
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the  Stillwell-Bierce  &  Smith- Vaile  Co.,  of  Dayton,  Ohio,  and 
have  a  capacity  of  20  to  ico  tons  of  seed  per  day.  They  are 
made  3,  4,  or  5  rolls  to  a  stack,  and  24,  30,  36,  and  42  inches 
in  length,  to  suit  capacity  and  requirements.  The  hopper  on 
top  contains  an  adjustable  feeding  device  for  regulating  and 
evenly  distributing  the  seed  in  suitable  quantity.  After  pass- 
ing the  feeder  the  uncrushed  kernels  drop  on  to  a  deflecting 
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plate,  also  made  adjustable,  the  supports  of  which  are  shown 
in  the  cut  by  angle  irons  on  the  inside  of  the  frame,  and  are 
carried  between  the  rolls.  The  rolls  are  kept  clean  by 
weighted  steel  scrapers,  which  are  also  made  as  a  deflector  for 
the  meal,  which  drops  to  the  next  deflecting  plate  and  passes 
through  in  succession  each  succeeding  pair  of  rolls.  The  meal 
leaves  the  rolls  in  very  thin  flakes,  every  sack  or  oil-cell  com- 
pletely crushed. 

Cold  pressure  produces  a  very  good  salad  oil,  and  this  is  the 
method  generally  pursued  in  Marseilles  and  other  European 
cities  for  the  first  pressure,  after  which  the  residue  is  subjected  to 
a  second  warm  pressure.  In  this  country,  however,  warm  pres- 
sure is  generally  preferred.  The  meal  is  heated  in  a  meal  heater 
for  15  to  20  minutes  to  204.4°  to  215.3°  F.  The  accompany- 
ing illustrations  (Figs.  218,  219,  220,  and  221)  show  the  sys- 
tem of  heating  meal  and  forming  cake  preparatory  to  pressing, 
patented  by  John  H.  Vaile,  of  Dayton,  Ohio,  and  manufactured 
by  the  Stillwell-Bierce  &  Smith- Vaile  Co.,  of  Dayton,  Ohio. 
Fig.  218  is  a  central  sectional  view  in  front  elevation ;  Fig.  219 
an  end  elevation  of  the  same,  with  the  storage  tank  in  central 
section.  Fig.  220  is  a  front  elevation,  including  a  modification 
of  the  apparatus.  Fig.  221  is  a  sectional  end  elevation  of  Fig. 
220. 

Referring  now  to  Figs.  218  and  2ig,  A  A  are  cylindrical 
cooking  tanks  heated  in  any  suitable  manner,  but  preferably 
surrounded  by  a  steam-jacket,  to  form  steam  spaces  a  upon 
the  sides  or  bottom,  or  both,  into  which  live  steam  is  intro- 
duced to  heat  or  cook  the  meal,  by  which  it  is  brought  into 
that  condition  in  which  it  will  most  readily  yield  its  oil  when 
pressed.  These  cooking  tanks  have  two  or  more  rows  of  ver- 
tically suspended  blades  or  knives  d,  properly  supported,  and 
under  which  two  or  more  blades  or  knives  r,  preferably  seg- 
mented in  shape  and  attached  to  a  hub  d,  keyed  upon  a  ver- 
tical revolving  shaft  B,  revolve  just  above  the  bottom  of  the 
tank.  Also  secured  to  the  hub  d  is  sl  central  cylinder  C,  be- 
tween the  periphery  of  which  cylinder  and  the  wall  of  the  tank 
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the  meal  to  be  cooked  is  confined.  As  seen,  there  are  in  this 
instance  two  of  these  cooking  tanks,  properly  supported,  and 
with  their  edges  projecting  over  a  third  tank  D^  resembling  the 
other  tanks,  which   is  termed  the  "  storage  tank."     E  E  are 


Fig.  2 1 8. 


CKNTRAL   SECTIONAL  VIEW. 


suitable  traps  in  the  bottoms  of  the  tanks  A  opening  into  the 
tank  Dy  through  which  the  meal,  when  cooked,  is  drawn  from 
the  tanks  A  into  the  storage  tank  D. 

F  (Fig.  219)  is  a  press  for  forming  the  cake.  6^  is  a  trap  in 
the  bottom  of  the  tank  D,  which  trap  is  closed  at  its  upper  end 
by  a  gate  or  slide  //,  to  be  operated  by  hand,  and  its  lower 
end  by  an  automatic  gate  or  slide  /,  connected  by  a  bell- crank 
J  and  link  K  to  the  plunger  or  platen  of  the  press  F  in  such  a 
manner  that  the  press  ascends  to  form  a  cake ;  the  slide  /  is 
drawn  back,  permitting  a  charge  of  meal  to  be  deposited  in  the 
filling  hopper  Z,  which  is  placed  under  the  trap  G.  As  the 
press  descends  the  slide  /  is  closed  and  the  meal  hopper,  which 
is  preferably  on  rollers,  is  passed  over  the  meal  box  of  the 
press  for  the  purpose  of  filling  the  same  with  a  charge  of  meal, 
after  which  it  is  drawn  back  under  the  trap  G,  as  before,  and 
so  the  operation  continues  rapidly  and  without  interruption. 

By  the  employment  of  the  cylinder  C,  which  may  be  either 
stationary  or  may  revolve,  it  will  be  readily  understood  that 
the  meal  in  the  cookers  is  kept  of  equal  depth  or  density 
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throughout,  and  will  not,  by  the  action  of  the  stirrers  C,  be 
piled  up  against  the  outer  walls  of  the  cooker,  and  thus  it  is 
evenly  subjected  to  the  action  of  the  heat  and  becomes 
thoroughly  cooked  throughout.  By  means  of  the  vertical 
knives  b  the  formation  of  what  are  known  as  "water  balls"  is 
prevented,  or.  if  they  are  formed,  they  are  readily  broken  up. 
From  this  arrangement  it  will  be  understood  that  when  the 
contents  of  either  of  the  tanks  A  are  cooked  they  are  at  once 


drawn  off  into  the  storage  tank  D,  to  the  jacket  of  .which  only 
a  sufficient  amount  of  steam  is  admitted  to  keep  up  the  proper 
degree  of  heat  without  cooking,  and  the  cooker  is  again  filled. 
In  the  meantime  the  meal  is  being  drawn  off  from  the  storage 
tank  and  supplied  to  the  forming  press,  and  thus  the  storage 
tank  would  be  emptied  before  a  second  supply  of  meal  would 
be  cooked  if  it  were  not  for  the  other  cooker  A,  which  by  this 
time  is  ready  to  be  emptied   into  the  storage  tank,  and  so  the 
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storage  tank  is  kept  constantly  supplied,  while  the  cookers  A 
are  intermittently  discharged  into  it,  and  so  loss  of  time  and 
danger  of  improperly  cooking  the  meal  are  absolutely  pre- 
vented. 

By  reference  to  Figs.  220  and  221  the  modification  referred 
to  will  be  found  illustrated.  It  consists  merely  in  locating  the 
cookers  A  so  that  they  discharge  through  traps  M,  closed  by 
slides  N,  into  a  conveyer  chamber  P,  surrounded  by  a  steam- 


jacket  to  form  a  steam  space/,  and  supplied  with  a  constantly 
revolving,  substantially  horizontal  screw  conveyer  R.  This 
conveyer  chamber  extends  over  and  opens  into  the  stori^e 
tank  I>.  By  this  means  the  cooked  meal  is  conveyed  from  the 
cookers  A  into  the  storage  tank,  as  will  be  readily  understood. 

It  is  not  essential  that  the  slide  of  the  trap  G  should  be 
automatic;  but  where  it  is,  as  shown  in  Fig.  219,  the  gate /^ 
is  left  constantly  open  as  long  as  the  press  is  in  operation ;  but, 
as  seen  in  Fig.  221,  the  lower  gate  /  may  be  dispensed  with 
and  the  gate  //  operated  by  hand  to  charge  the  hopper  L. 

The  steam  connections  can  be  made  from  the  boiler  in  the 
usual  or  any  suitable  manner,  and  the  shafts  B,  as  seen  in  Fig. 


DESCRIPTIONS,  PROPERTIES,  ADULTERATIONS,  ETC.       457 

219,  may  be   driven   by  beveled   pinions  S  T,  the   latter  of 
which  may  be  upon  a  line  shaft. 

Fig.  221. 


SECTIONAL  END  ELEVATION  OF  FIG.  220. 


Fig.  222  illustrates  the  Smith- Vaile  system  of  cooking  the 
meal  and  forming  the*  cake  preparatory  to  pressing,  known  as 
the  direct  conveyer  system.  In  this  process  the  charging 
heater  is  done  away  with,  the  cooked  meal  being  dumped  into 
an  iron  conveyer  box  and  carried  direct  to  the  charging 
hopper  immediately  over  the  cake  former.  It  possesses  the 
advantage  of  taking  up  less  room  than  the  combination  triple 
heater  system,  and  can  be  extended  to  any  capacity  of  mill  by 
simply  adding  another  heater  with  the  necessary  length  of  con- 
veyor. The  heaters  are  made  in  one  solid  casting,  and  are 
steam- jacketed  on  bottom,  top,  and  sides  with  asbestos  faced 
hair  felt,  held  in  place  by  an  outside  lagging  of  Russia  iron. 
Each  heater  is  provided  with  patent  charging  hoppers  of  sheet 
iron,  with  hinged  and  sliding  gate.  The  top  of  the  heater  is 
made  in  two  sections,  one  of  which  is  hinged  and  can  be 
raised  at  the  will  of  the  heater-man  to  enable  him  to  satisfy 
himself  of  the  condition  of  the  charge,  or  to  change  the  stirrer 
knives  when  the  heaters  are  not  in  operation. 

Fig.  223  shows  the  Smith- Vaile  improved  steam  cake  former. 
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Fig.  311. 


DESCRIPTIONS,  PROPERTIES,  ADULTERATIONS,  ETC. 
Fic.  313. 

IT 


fl-VAILB   IMPROVED  STEAM  CAKE  FORMKR. 


46o 


ANIMAL  AND   VEGETABLE   FATS   AND   OILS. 


It  is  used  for  shaping  or  forming  the  meal  coming  from  the 
cooking  heaters  into  cakes,  before  it  is  placed  in  the  boxes  of 
the  press  and  subjected  to  hydraulic  pressure.  The  ram  is 
eighteen  inches  in  diameter,  and  is  provided  with  an  automatic 
cushioning  device  for  the  drop  or  return  stroke.  On  top  of  the 
ram  is  placed  the  meal  box,  which  is  filled  by  the  sliding  meal 
carriage  operated  by  a  small  steam  cylinder  in  the  rear.  This 
meal  carriage  runs  under  the  charging  hopper,  which  receives 
the  cooked  meal  direct  from  the  heaters.  The  operation  of  the 
meal  carriage  is  very  rapid,  and  by  the  use  of  this  former  a 
fifteen-box  press  can  be  filled  in  three  minutes. 

The  heated  meal  is  placed  in  woolen  bags,  each  holding  suf- 
ficient seed  for  a  cake.  The  bags  are  then  placed  between 
horse-hair  mats  backed  with  leather,  having  a  fluted  surface 
inside  to  facilitate  the  escape  of  the  oil  under  the  hydraulic 
pressure,  amounting  to  169  tons.  With  the  most  improved 
presses  the  hair  mats  are,  however,  done  away  with.  The  bags 
remain  in  the  press  seventeen  minutes,  the  solid  ''oil  cake"  of 
commerce  remaining  behind.  This  cake  forms  a  superior  feed 
for  cattle,  horses,  sheep,  and  especially  swine.  It  is  nutritious, 
easily  digested,  and  fattening.  Its  composition  varies  even 
more  largely  than  does  the  seed  from  which  it  is  made.  The 
following  analyses  by  the  "American  Analyst "  show  this  vari- 
ance, and  also  show  that  the  chief  variation  occurs  as  between 
decorticated  and  undecorticated  seed. 
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Cotton-seed  cake  is  of  a  rich  golden  color,  quite  dry,  and  has 
a  sweet,  nutty,  oleaginous  taste.  When  ground  to  the  fineness 
of  corn-meal  it  is  known  as  "cotton-seed  meal,"  and  in  that 
form  is  frequently  used  for  fertilizing  purposes. 

The  oil  is  chiefly  pressed  in  winter,  though  some  mills  are 
operated  during  the  summer.  The  crude  oil  is  either  refined 
or  shipped  in  tanks  holding  from  36,000  to  45,000  lbs.  each. 
When  the  oil  is  shipped  north  in  winter  it  usually  becomes 
solidified.  In  order  to  get  it  out  of  the  tanks  they  are  placed 
on  switches,  and  a  jet  of  steam  is  introduced  into  the  tank  and 
the  oil  gradually  melted  out.  Another  method  consists  in 
covering  the  tank  with  wood,  forming  a  chamber  into  which 
exhausted  steam  is  introduced.  Gutters  are  provided  along 
the  railroad  tracks,  into  which  the  oil  flows  and  is  conducted 
into  the  receiving  tanks.  From  the  latter  it  is  pumped  into  large 
receivers  called  scale  tanks,  where  the  crude  oil  is  weighed. 

Refining  process.  After  weighing,  the  oil  is  pumped  into  re- 
fining kettles.  They  are  of  various  sizes,  the  largest  being  20 
to  25  feet  deep  and  15  feet  in  diameter.  These  tanks  are 
furnished  with  steam-coils  for  the  purpose  of  heating  the  oil, 
and  with  mechanical  agitators.  A  solution  of  caustic  soda  is 
used  for  refining.  This  solution  is  made  from  10°  to  20^  Be. 
in  strength,  and  varying  quantities  are  used  according  to  the 
nature  of  the  oil  operated  upon.  The  lye,  at  the  temperature 
of  60°  F.,  is  fed  slowly  by  perforated  pipes  extending  over  the 
surface  of  the  oil  and  distributing  uniformly.  After  the  addi- 
tion of  the  caustic  soda,  the  mixture  is  agitated  and  kept  at  a 
temperature  of  100°  to  110°  F.  The  contents  of  the  tank  are 
then  allowed  to  stand  six  to  thirty-six  hours,  when  the  solid 
matters,  soap  and  substances  precipitated  by  the  caustic  alkali 
gather  at  the  bottom.  This  mixture  is  called  "  foots,"  and  is 
used  for  making  soap.  The  yellow  oil  resulting  by  this  pro- 
cess is  further  purified  by  being  heated  and  allowed  to  settle 
again,  or  by  filtration,  and  is  called  summer  yellow  oil.  Winter 
yellow  oil  is  made  from  the  above  material  by  chilling  it  until 
it  partially  crystallizes  and  separating  the  stearin  formed,  about 
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25  per  cent.,  in  presses  similar  to  those  used  for  lard.     This 
cotton-seed  stearin  is  used  for  making  butterine  and  soap. 

For  the  purpose  of  producing  white  oil  the  yellow  oil  ob- 
tained as  above  is  treated  with  from  2  to  3  per  cent  of  fuller's 
earth  in  a  tank  furnished  with  a  mechanical  agitator.  When 
the  fuller's  earth  has  been  thoroughly  mixed  with  the  oil,  the 


Fig.  134. 


whole  is  sent  to  the  filter-press.  The  fuller's  earth  has  the 
property  of  absorbing  or  holding  back  the  yellow  coloring 
matter,  so  that  the  oil  which  issues  from  the  press  is  almost 
white.  This  white  oil  is  chiefly  used  for  making  compound  lard. 
Many  filter-presses  have  been  devised  and  patented ;  of  these 
only  the  filter  press,  Figs.  224,  225  and  226,  constructed  by  the 
Stillwell-Bierce  &  Smith-Vaile  Co.,  of  Dayton,  Ohio,  may  be 
mentioned.  It  is  designed  for  filtering  and  clarifying  cotton- 
seed and  linseed  oils,  effectually  removing  all  the  foots  and 
yielding  a  perfectly  clear  oil.     The  plates,  Fig.  225,  have  per- 


forated plates  on  top,  or  are  made  so  that  the  filter-cloth  rests 
on  the  corrugations  of  cast-iron  plate,  if  desired.  The  plates 
have  lock-nut  in  centre  to  grip  perforated  plate  and  cloth,  or 
to  grip  simply  the  cloth,  and  are  provided  with  relief  valve  on 
feed-pipe,  drain  trough  and  floor  pan,  and  quick  opening  and 
closing  movement. 
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Bleaching  of  cotton-seed  oil  may  be  successfully  effected,  ac- 
cording to  Jolles  and  Wild,  by  the  following  process :  Dissolve 
50  parts  of  potassium  dichromate  in  500  parts  of  water  and  100 
parts  of  sulphuric  acid,  and  add,  with  constant  stirring,  6.5 
pounds  of  this  solution  to  every  lOO  pounds  of  cotton-seed  oil, 
previously  heated  to  140^  F.  Keep  the  stirring  apparatus  in 
operation  for  i  or  1^  hours  longer.  Then  allow  to  settle; 
next  wash  with  water  until  the  bitter  taste  disappears,  then 
heat  to  212^  F.,  mix  with  i  per  cent,  of  animal  charcoal,  stir 
well,  and  filter. 

The  cotton-seed  oil  produced  in  the  English,  and  some  of  the 
German,  mills  differs  essentially  from  the  American  product. 
In  both  countries  Egyptian  seed  is  exclusively  used.  To  ob- 
tain a  greater  yield  of  oil  the  seed,  previous  to  and  during  press- 
ing, is  strongly  heated,  whereby  the  crude  oil  acquires  a  dis- 
agreeable and  acrid  odor  and  an  intense  brown  coloration. 

Crude  cotton-seed  oil  is  thickly  fluid,  twenty-eight  to  thirty 
times  less  fluid. than  water,  and  has  a  specific  gravity  of  0.9283 
at  68^  F.,  0.9306  at  59^  F.,  and  0.9343  at  50°  F. 

According  to  the  quality  of  the  oil,  palmitin  is  separated 
between  54°  and  43°  F.  The  oil  solidifies  at  28.5^  to  27°  F. 
In  taste  and  odor  it  resembles  linseed  oil,  and  as  regards  other 
properties  it  is  an  intermediate  between  drying  and  non-drying 
oils. 

Refined  cotton-seed  oil  is  of  a  straw  or  golden-yellow  color, 
or,  occasionally,  nearly  colorless.  By  subjection  to  cold  and 
pressure  a  certain  proportion  of  stearin  is  separated,  the  melt- 
ing point  of  the  residual  oil  being  correspondingly  lowered. 
Refined  cotton-seed  oil  is  usually  very  free  from  acid,  and  when 
properly  prepared  is  of  a  pleasant  taste,  and  admirably  adapted 
for  edible  and  culinary  purposes,  for  which  it  is  now  exten- 
sively employed,  both  with  and  without  its  nature  being 
acknowledged.  It  is  much  used  as  a  substitute  for  and  an 
adulterant  of  olive  oil.  From  North  America  alone  about 
6,000,000  gallons  of  refined  cotton-seed  oil  are  annually 
shipped  to  the  ports  of  the  Mediterranean  and  France.     The 
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solid  fat  obtained  by  subjecting  the  oil  to  cold  and  pressure  is 
brought  into  commerce  under  the  name  of  cotton-stearin  or 
vegetable  margarin. 

The  following  diagram,  given  by  Mr.  Robert  Grimshaw,*  is 
of  interest,  illustrating  the  gradual  division  of  the  products 
from  a  ton  of  cotton-seed : 


Cotton  Seed,  a,ooo  Ibt. 


McaU.  1,089  lbs. 


Cake,  800  lbs. 


Meal. 


Lint,  ao  Ibt 


Crade  Oil,  289  lbs. 


Summer  Yellow. 


Winter  Yellow.  I  Cotton-Seed  Stearine 


Salad  OU. 


Summer  White. 


Urd. 


Cottoline. 


Minen'  Oil. 


Soap. 


Soap  Stock. 
Soapa. 


Hulk.  891  lbs.- 

Fibre. 
— 1 ' 

Bran. 

(High-Gradc  Paper.) 

(Cattle-Food.) 

Fuel. 

Ashes. 
Fertilizer. 

The  specific  gravity  of  refined  cotton-seed  oil  ranges  from 
0.922  to  0.926  at  59°  F.,  and  the  solidifying  point  from  32°  to 
30°  F.  It  consists  of  30  to  34  per  cent,  stearic  acid,  and  66  to 
70  per  cent,  oleic  acid. 

Cotton-seed  oil  diflfers  from  other  fat  oils  in  that  when 
treated  with  sulphuric  acid  oi  1.76  specific  gravity  it  acquires 
a  deep  red  to  brown  color,  and  on  gently  heating  the  mixture 
forms  a  combination  soluble   in  water.      With   concentrated 


*  Industrial  Application  of  Cotton-seed  OiL    Read  at  the  meeting  of  the  Franklin 
Institute,  Dec.  19,  1888. 
VOL,  I — 30 
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acid  of  1 .820  specific  gravity,  the  mixture  of  both  thickens  in 
the  cold  to  a  brown  somewhat  olive-green  mass  in  twenty- 
four  hours. 

If  the  readily  saponifiable  portion  of  the  oil  be  heated  with 
3  or  4  per  cent,  of  anhydrous  sulphuric  acid  for  a  few  hours  to 
212^  F.,  a  black-blue  body  is  formed,  which,  after  washing 
with  water  and  purifying  with  ether,  yields  a  dark  blue  color- 
ing matter — cotton  oil  d/uf  ^^C„H^O^ — which  dissolves  spar- 
ingly in  alcohol,  but  more  readily  in  ether.  In  concentrated 
sulphuric  acid  it  dissolves  with  a  purple  color.  By  water  it  is 
precipitated  without  change.  Experiments  to  render  this 
coloring  matter  useful  for  industrial  purposes  have  thus  far 
failed. 

Nitric  acid  does  not  change  the  color  of  cotton-seed  oil. 
Treated  with  an  addition  of  granulated  copper  it  becomes  red- 
dish yellow  to  brownish  yellow  in  a  quarter  of  an  hour ;  after 
twelve  hours  the  oil  is  pasty-fluid,  and  in  twenty-four  hours 
very  thickly-fluid,  frequently  with  some  trifling  separation  of 
elaidin. 

Nitric  acid  of  i  ,4  specific  gravity  when  mixed  with  the  oil 
gives  a  red  brown  coloration,  which  is  also  clearly  perceptible 
in  mixtures  of  the  oil  with  other  oils,  so  that  this  reaction  may 
serve  for  the  detection  of  cotton-seed  oil  in  other  oils. 

Fuming  nitric  acid  immediately  colors  the  oil  brown  on  the 
point  of  contact  and  thickens  it  in  an  hour. 

Soda  and  potash  lyes  of  1.04  specific  gravity  give  no  emul- 
sion ;  the  fluids  separate.  Saponification  only  takes  place  by 
frequent  shaking  in  twenty-four  hours. 

Lyes  of  i  .20  specific  gravity  give  an  emulsion,  the  surface  of 
which  assumes  a  blue-violet  color  after  long  contact  with  the  air. 

Concentrated  lyes  of  1.33  specific  gravity  rapidly  saponify  the 
oil  to  1.85  per  cent,  of  a  non-saponifiable  liquid  hydrocarbon, 
which  can  be  extracted  with  petroleum-ether. 

Liquid  ammonia  shaken  with  the  oil  gives  a  slightly  greenish- 
yellowish- white  mixture. 

Alcoholic  solution  of  silver  nitrate  boiled  with  the  oil  one-half 
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minute,  and  then  allowed  to  rest,  is  but  very  little  reduced,  the 
oil  acquiring  a  trace  of  a  brownish  hue. 

Solution  of  sine  chloride  colors  the  oil  brown  on  heating. 

Basie  acetate  of  lead  when  mixed  with  cotton-seed  oil  gives, 
according  to  Bradford,  a  red  coloration.  In  case  of  a  simple 
mixture  with  another  oil  this  coloration  alone  may  serve  for 
the  detection  of  cotton-seed  oil  in  other  oils. 

Of  iodine  up  to  38  per  cent,  is  dissolved  by  cottonseed  oil. 

Saponificatioii  number  of  the  oil    194-195 

Iodine  number  of  the  oil 106-107 

*'  "        of  the  fatty  acids 112-115 

Fusing  point  of  the  fatty  acids 98.6^-1004^  F. 

Solidifying  point  of  the  fatty  acids 90.5^'  F. 

While  it  is  a  substitute  or  adulterant  for  olive  oil,  cotton-seed 
oil  is  used  in  the  manufacture  of  soap,  by  painters,  and  for 
lubricating  purposes.  It  is  thought  that,  in  time,  the  prejudice 
now  existing  against  cotton-seed  oil  in  this  country  will  be 
overcome,  and  our  people,  like  those  of  Europe,  take  to  cook- 
ing their  food  in  oil  instead  of  using  lard.  That  there  is  a 
growing  demand  for  cotton-seed  oil  for  table  use  and  culinary 
purposes  is  evidenced  by  the  increased  business  of  merchants 
who  make  a  specialty  of  filling  fancy  bottles  with  cotton-seed 
oil.  It  has  met  with  favor  wherever  introduced,  and  when  a 
consumer  is  persuaded  to  try  one  bottle  there  is  no  difficulty  in 
making  repeate4  sales  to  the  same  person.  Every  article  of 
commerce  requires  time  before  it  is  accepted  by  the  public,  but 
good  progress  has  been  made  in  the  introduction  of  cotton-seed 
oil,  and  the  time  is  not  far  distant  when  it  will  be  ahead  of  most 
all  competitors. 

The  United  States  furnish  annually  over  6,000,000  tons  of 
cotton-seed,  which  yield  more  than  25,000,000  gallons  of  oil, 
250,000  tons  of  cake,  and  3,300  tons  of  hulls  and  residues. 

Egypt  furnishes  annually  about  250,000  tons  of  seed. 

Closely  allied  to  the  varieties  of  Gossypium  are  the  following 
related  species,  the  seeds  of  which  are  also  used  for  the  ex- 
pression of  oil  very  much  resembling  cotton-seed  oil. 
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2.  Bombax  malabaricum,  Dec-Bomhax  heptaphyllum^  Roxb. 
or  Malabar  wool  tree,  a  large  tree  with  digitate  leaves  and  large 
flowers.  The  fruit  is  a  longish  woody  capsule  with  numerous 
dark  brown  seeds  enveloped  in  a  short  elastic  wool,  which  on 
account  of  its  shortness  is  only  suitable  for  stuffing  and  up- 
holstering, and  is  called  silk-cotton.  The  tree  is  indigenous  to 
India,  where  it  is  known  as  Pula-maram,  Pinna-burugay  and 
Simbal, 

3.  Eriodendron  anfractuosum,  W.  =  Bombax  pentandrum, 
Linn.,  the  common  bombax  or  wool  tree,  indigenous  to  the 
East  and  West  Indies.  The  lint  enclosing  the  seed  is  also  used 
for  stuffing  mattresses,  furniture,  etc.  The  seed  contains  25  per 
cent,  of  a  thickish  oil,  which  when  obtained  by  expression  is  of 
a  dark  brown  color,  while  when  obtained  by  extraction  it  is  of 
a  pale  yellow  color  like  castor  oil,  and  may  be  used  for  edible 
and  culinary  purposes.  The  oil  is  known  as  Kopak  or  Kapok  oil. 
The  oil  obtained  by  expression  is  brought  into  commerce  for 
the  manufacture  of  soap.  It  has  a  slight,  not  disagreeable, 
odor  and  taste,  saponifies  almost  completely,  and  generally  re- 
sembles cotton-seed  oil.  The  oil  has  recently  been  examined 
by  Robert  Henriques  with  the  following  results : 

Specific  gravity  of  the  oil  at  64^  F. 0.9199 

Specific  gravity  of  the  fatty  acids 0.9162 

Fusing  point  of  the  fatty  acids 84.2^  F. 

Solidifying  point  of  the  fatty  acids TiA^l^-^^  I*  • 

Saponification  number  of  the  oil ..........!  181 

Saponification  number  of  the  fatty  acids 191 

Medium  molecular  weight  of  the  fatty  acids 293 

Iodine  number  of  the  oil 116 

Iodine  number  of  the  insoluble  fatty  acids 108 

Hehner's  number 94.9 

4.  Hibiscus  cannabinus,  Linn.,  an  annual  or  perennial  plant 
which  is  much  cultivated  in  India,  where  it  is  called  Ambaree, 
Suntt'okoa  or  Bun-Kupasi,  The  capsule  is  roundish,  the  seed 
flat.  The  latter  contains  25  per  cent,  of  oil,  which  is  used  for 
edible  and  culinary  purposes,  as  well  as  for  burning. 

5.  Tespesea  populnea^  Cor.  =  Hibiscus  populneuSy  Roxb.,  in- 
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diginous  to  India,  where  it  is  known  as  Porusk,  and  to  Ceylon 
where  it  is  called  Soorigagaha,  The  pubescent  seed  contains  a 
dark  red  oil  called  at  the  Cape  Verd  Islands  "  Huile  amere** 
and  is  used  for  medicinal  purposes. 

Sterculiaceee  (Columniferce), 

1.  Stinking  bean  oil  {Stinkbauntol^  G,)  called  telamboo  in 
Ceylon,  is  obtained  from  the  woody  fruit  of  Sterculia  fastida, 
Linn.,  a  tree  indigenous  to  the  West  Indies,  Burmah,  Ceylon, 
etc.  Each  fruit  contains  ten  to  fifteen  black  seeds,  with  about 
twenty-five  per  cent  of  oil.  The  oil  has  a  pale-yellow  color,  is 
thickly-fluid  at  68^  F.,  and  has  a  specific  gravity  of  0.923  at 
59°  F.  At  37.4°  F.  it  becomes  thick,  and  at  32^  F.  separates 
stearin.  It  turns  rancid  very  rapidly.  It  is  used  in  the  manu- 
facture of  soap,  and  as  lamp  oil. 

2.  Sterculia  acuminata,  P.  R.,  yields  the  oleaginous  **  gura 
nuts:* 

3.  Herietaria  littoralis,  Dryand,  known  on  the  coast  of  Ben- 
gal, in  the  West  Indies,  etc.,  zs  **  doengngoe  kontor*  and  as 
*'  kannatsoy  The  spicy  seed  contains  an  oil  which  is  utilized 
in  the  Antilles. 

Tiliacece  (Columniferce), 

Tilia  parvifolia,  T.  ulmifolia^  the  linden,  of  which  the  two 
specimens  here  mentioned  occur  chiefly  in  Europe,  is  a  stately 
tree  from  40  to  100  feet  high,  and  has  a  soft  white  wood, 
fibrous  bark  and  alternate,  petiolate,  heart-shaped  serrate 
leaves.  Diflferent  species  of  linden  are  also  known  as  lime 
tree,  white-wood  and  bass-wood.  The  seed  contains  up  to  58 
per  cent,  of  a  fat  oil — linden  seed  oil — resembling  in  color  and 
odor  the  best  quality  of  olive  oil.  It  is  free  from  every  bitter 
and  aromatic  tang,  and  does  not  become  rancid  or  at  least  only 
with  great  difficult}'.  It  does  not  solidify  when  exposed  to 
great  cold,  does  not  change,  and  cannot  be  frozen  in  a  freezing 
mixture  of — 5.8°  F. 
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Camelliacea  (Lamprophylla) , 

1.  Tea  seed  oil  {Theesamenol^  G. ;  kuile  de  the,  F,)  from  the 
seed  of  Camellia  theifera,  GrifT.,  the  tea  plant.  The  seed  con- 
tains thirty-five  per  cent,  of  a  somewhat  limpid,  tasteless,  in- 
odorous oil  of  a  straw  to  amber  color,  which  resembles  olive 
oil.  Its  specific  gravity  is  0.9270  at  59°  F.  At  39.0°  F.  it 
forms  an  emulsion,  and  solidifies  only  below  23^  F.  It  is 
scarcely  soluble  in  spirit  of  wine  and  very  sparingly  in  ether. 
Chemically  it  consists  of  25  parts  of  stearin  and  75  parts  of 
olein.  In  China  it  is  used  as  a  table  and  lamp  oil  and  in  the 
manufacture  of  soap,  for  which  it  is  specially  well  adapted, 
yielding  a  beautiful,  hard  product.  Tea  oil  has  been  used  in 
China  for  a  very  long  time,  but  has  only  been  recently  intro- 
duced in  commerce. 

2.  Camellia  oleifera,  Abel  =  Thea  oleosa.  Lour.,  oil-yielding 
tea-plant.  The  oil  expressed  from  the  seed  forms  a  com- 
mercial article  in  China,  where  it  is  known  as  Cha  Yau  (tea 
oil).  It  was  formerly  erroneously  considered  as  derived  from 
the  tea-plant. 

The  seed  freed  from  the  testa  and  extracted  with  ether  yields 
44  per  cent,  of  an  odorless,  yellow,  somewhat  g^ummy  oil, 
which,  however,  is  not  suitable  for  culinary  purposes  on  ac- 
count of  its  disagreeable  tang,  and  10  per  cent,  of  a  glucoside 
giving  the  principal  reactions  of  saponin. 

As  regards  color,  transparency  and  mobility,  as  well  as  its 
reactions,  the  oil  resembles  olive  oil.  To  obtain  the  oil  the 
seed  is  pulverized,  strongly  heated  and  expressed.  The  specific 
gravity  of  the  oil  at  59°  F.  is  0.9175.  It  consists  chiefly  of 
olein,  and  therefore  yields  but  little  sediment  when  cooled  to 
— 8.6°  F.  It  contains  no  free  acid,  and  consequently  is  well 
adapted  for  lubricating  fine  machinery. 

The  pulverized  press-cake  of  Camellia  oleifera  serves  in 
China  for  the  removal  of  grease  stains  and  is  known  as  Cha- 
tsai'fau.  Its  dust  provokes  sneezing.  Both  contain  the  same 
saponin-like  substance  mentioned  above,  which  may  be  ob- 
tained from  the  mass  extracted  with  ether  as  a  white  amor- 
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phous  powder  by  repeated  solution  in  84  per  cent,  alcohol  and 
subsequent  evaporation.  On  heating  with  dilute  hydrochloric 
acid  it  splits  into  glucose  (sugar)  and  sapogenin. 

3.  Camellia  drupifera,  Lour.,  the  drupe-bearing  tea-plant, 
yields  an  oil  used  for  household  purposes. 

Myrtace<E'Lecythide<B  {Myrtina). 

Brazil'Hut  oil  or  Para-nut  oil  (Paranussbl,  Juviaol^  G. ;  huile 
de  CastanheirOy  F.),  from  the  fruits  of  Bertholletia  excelsa^  Humb., 
the  Brazil-nut  tree,  indigenous  to  the  forests  of  Para,  and  culti- 
vated in  South  America,  Guiana,  and  Brazil.  The  kernels  con- 
tain sixty  to  sixty-seven  per  cent,  of  oil  and  are  composed  of 

Oil 6545  p.  c. 

Organic  subttancet, 22.82     *' 

albnminoiis  tubsUncei  therein 15.20  p.  c. 

Ash 4.23     " 

phosphoric  add  theietn 2.25     " 

Water 7.50    " 


100.00 


M 


The  oil  has  a  pale  yellow  color,  is  tasteless  and  inodorous, 
with  great  tendency  to  become  rancid.  It  has  a  specific 
gravity  of  0.9185  at  59°  F.,  becomes  turbid  at  35.5°  F.,  and 
solidifies  to  a  semi-solid  white  mass  at  34.0^  F.  It  is  pressed 
in  South  America,  where  the  fresh  oil  is  used  as  a  table  oil ; 
otherwise  it  is  employed  in  the  manufacture  of  soap  and  as 
lamp  oil. 

Nitric  acid  containing  nitrous  acid,  and  of  1.30  specific 
gravity,  does  not  color  the  oil,  but  solidifies  it  in  less  than  a 
quarter  of  an  hour  to  a  yellowish-white  mass  of  the  consistency 
of  butter. 

A  mixture  of  equal  parts  of  nitric  acid,  sulphuric  acidy  and 
watery  mixed  with  equal  parts  of  oil,  gives  a  brownish-yellow 
coloring. 

An  addition  of  one  drop  of  concentrated  sulphuric  acid  to 
twenty  drops  of  the  oil  gives  first  a  red,  and  then  a  reddish- 
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brown  color,  resembling  that  of  syrup,  the  oil  thickening  very 
rapidly. 

Zinc  chloride  gives  a  rose  color. 

2.  Lecythis  ollaria,  L.,  a  very  tall  tree  common  in  the  Bra- 
zilian forests.  The  nuts  are  as  large  as  the  human  head  and 
contain  an  oil  known  as  '* sapucaya  oil^*  which  is  much  used  in 
South  America. 

3.  Barringtonia  speciosa^  Linn.,  and 

4.  Barringtonia  racemosa^  Linn.,  indigenous  to  Java  and  the 
Moluccas,  yield  good  lamp  oil. 

Combretacece  (^Calyciflord). 

1 .  Jungle  almond  oil  (  Catappabl,  G. ;  huile  de  Badamier,  F.) 
extracted  from  the  fruit  of  Temtinalia  catappa^  L.,  a  large  tree 
of  the  East  Indies,  also  cultivated  in  Hindostan,  Mauritius,  etc. 
The  nuts  have  a  taste  resembling  that  of  almonds,  and  contain 
twenty-eight  per  cent,  of  oil  used  as  a  table  oil.  It  excels 
almond  oil  as  regards  flavor  and  mildness,  and  has  the  further 
advantage  of  keeping  well.  It  is  of  a  pale  yellowish  color  and 
entirely  inodorous.  Its  specific  gravity  is  0.918  at  59°  F.  It 
is  chiefly  composed  of  stearin  and  olein,  stearin  being  sepa- 
rated at  41°  F. 

2.  Chebula  oily  a  thinly-fluid  colorless  oil  obtained  from  the 
nuts  of  Terminalia  chebula^  Retz,  a  tree  indigenous  to  Central 
and  Southern  India.  The  nuts  yield  less  oil  than  those  of  the 
preceding  species. 

3.  Terminalia  bellerica^  Roxb.,  is,  like  the  preceding  species, 
indigenous  to  the  East  Indies.  The  oil  expressed  from  the  nuts 
behaves  in  the  same  manner  as  mastic  oil  (see  page  424),  a 
pale  green  fluid  oil  and  a  white  fat  of  the  consistency  of  butter 
being  separated. 

The  fruits  of  the  above  three  varieties  of  Terminalia  are 
known  in  commerce  as  '*  myrobalans"  and  on  account  of  their 
tannin,  of  which  they  contain  about  twenty  per  cent.,  are  used 
in  tanning  and  dyeing. 
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Capparidea  {Rhceadece), 

The  fruit  of  Cleome  viscosa^  Linn.,  a  herbaceous  shrub  indi- 
genous to  tropical  India,  contains  about  nine  per  cent,  of  a 
very  limpid  oil  with  a  specific  gravity  of  0.9080  at  59°  F.  It 
is  known  in  Hindostan  as  "  Hoorhooryar 

Crucifera  (^Rhoeadeai) , 

I.  Rape  seed  and  colza  oils.  The  oils  extracted  from  the 
seed  of  the  different  species  of  Brassica  closely  resemble  one 
another,  and  in  Great  Britain  and  the  United  States  are  gen- 
erally called  indiscriminately  rape  seed  or  colza  oils.  There 
are,  however,  several  varieties  of  the  rape  plant  which  have 
been  developed  by  successive  cultivations,  and  on  the  Con- 
tinent of  Europe  the  oils  obtained  from  the  various  kinds  of 
seed  are  generally  known  by  different  names.  According  to 
the  original  plant,  the  following  distinctions  have  to  be  made : 

1.  Colza  oil  or  coleseed  oil  {oleum  brassica ;  Kohlsaatoely  G. ; 
huile  de  colza,  F.)  from  Brassica  campestris,  Linn. 

2.  Rapeseed  oil  {oleum  napi;  Raps'dl,  G./  huile  de  navette,  F.) 
from  Brassica  campestris  var,  napus,  or  Brassica  napus  oleifera. 

3.  Rubscn  oil  {oleum  raparum  ;  Rubsenoely  G. ;  huile  de  rabette^ 
F.)  from  Brassica  campestris  var.  rapa,  or  Brassica  rapa  oleifera. 

These  oils  are  further  subdivided  into : 

1.  Summer  rubsen  oil,  from  Brassica  rapa  annua,  or  summer 
rubsen. 

2.  Winter  rubsen  oil,  from  Brassica  rapa  biennis,  or  winter 
rubsen. 

3.  Summer  rape- seed  oil,  from  Brassica  napus  annua,  or 
summer  rape. 

4.  Winter  rape-seed  oil,  from  Brassica  napus  biennis,  or 
winter  rape. 

To  the  naked  eye  the  seeds  of  the  different  species  of  Bras- 
sica  appear  as  small  round  grains  with  dark  almost  smooth 
testa,  a  light  chalaza  and  lemon-yellow  embryo  with  two  cotyle- 
dons and  radicles  about  i  millimeter  long.     The  seeds  of  the 
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different  species  are  not  readily  distinguished  by  the  eye.  The 
seed  of  Brassica  napus  is  mostly  bluish  black,  that  of  B.  cam^ 
pestris  red-brown  and  that  of  B,  rapa  nearly  black.  As  a  rule 
the  seed  of  B.  campestris  is  larger  than  that  of  the  other  two 
plants,  which  are  about  2  millimeters  in  diameter,  the  rubsen 
seed  being,  however,  smaller  than  rape-seed. 

It  has,  however,  been  established  by  accurate  tests  that  by 
reason  of  nunerous  transitions  the  seeds  of  these  three  varieties 
of  Brassica  cannot  be  distinguished  from  each  other  either  by 
measurement  or  with  the  assistance  of  the  microscope,  so  that 
in  fact  no  distinct  characteristics  by  which  colza,  rape  and 
rubsen  seeds  may  be  recognized  exist. 

J.  Schroeder  has  endeavored  to  base  the  distinction  of  the 
three  kinds  of  oil  seeds  upon  the  determination  of  specific 
gravity  of  a  number  of  seeds,  but  more  extensive  experiments 
have  to  be  made  before  this  method  can  be  accepted  as  a  guide. 


100  seeds  weigh.  Grammes. 

i 
I 

Brassica  campestris  Hennis — colza 1.869*1.978 

**      rapa  Hennis — nibsen  seed 2x>5c~2.24i 

**       napus  Hennis — rape  seed 4.538-^4.786 


Average. 


1.901 
2.142 

4.667 


The  composition  of  the  seeds  of  the  different  species   of 
Brassica  is  as  follows : 


Brassica  rapa. 


Summer    nibsen, 
I     Silesia,  per  cent. 


Oil 

Organic  substance 
nitrogen  therein 

Ash 

Water 


33.82 
52.63 

340 
10.15 


241 


Winter  rubsen, 
fresh  seed,  Sile- 
sia,  per  cent. 


35.25 
52.59 

1.26 
8.90 


2.50 


Winter  rubsen, 
older  seed,  Hun- 
gary,  per  cenL 


38.50 
53.25 

3.90 
4.35 


3." 


100.00 


100.00 


loaoo 
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Brassica  napus. 

Summer-rape,  Si- 
lesia, per  cent. 

Winter-rape  fresh 
seed,    Pommer- 
ania,  per  cent 

Winter-rape  seed 
two  years  old,  Si- 
lesia, per  cent 

Oil 

35-0O 
5148 

2.20 

4.12 

9-40 

36.80 

49.30 

2.50 

4.80 

9.10 

39.25 
51.14 

4.20 

4.36 

5.25 

Organic  substance 

nitrogen  therein 

Ash 

Water 

100.00 

lOOXX) 

100.00 

« 

Brassica  campesiris. 

Maine-Loire  colza, 
per  cent 

Belgian  colza,  per 
cent 

38.90 
54.64 

21.24 
2.96 

Alsace  colza,  per 
cent 

Oil 

33.22 
58.36 

22.30 

4.17 
4.25 

43.00 
42.10 

18.20 

Organic  substance 

^buminons    substances 
therein  .......•■•>•■ 

Ash 

4.90 
10.00 

Water 

lOOXX) 

100.00 

100.00 

The  ash  of  the  three  varieties  of  winter  seed  contains : 


Potash  

Soda 

Magnesia 

Lime < 

Ferric  oxide 

Chlorine 

Sulphuric  acid  .  • . 

Silica 

Phosphoric  acid 


Rubsen, 

Rape, 

per  cent. 

per  cent 

25.68 

21.34 

1.66 

5.26 

10.57 

11.96 

9.20 

14.63 

1.46 

2.84 

0.43 

— 

944 

0.77 

0.30 

1.52 

41.26 

41.68 

100.00 

100.00 

Colza, 
per  cent. 


}  25.18 

".39 
12.91 

0.62 

0.11 

2.53 

1.31 

45.95 


IOO.Ofr 
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The  average  content  of  oil  amounts  in 

Summer-rubsen  and  siunmer  rape  to 30-35  p.  c. 

'Winter<:nibseii  and  winter  rape  to 35^4^     '* 

Winter  colza  to 35~45     " 

The  average  yield  of  oil  with  warm  pressure  only  is  from 

Summer  seed 28  per  cent. 

Winter  seed 33       " 

Colza  seed 36       ** 

The  oils  of  the  diflferent  species  of  Brassica  are  identical  as 
regards  their  principal  properties.  Freshly  pressed,  they  have 
a  more  or  less  dark  brown-yellow  color  and  are  almost  odor- 
less ;  by  storing  for  some  time  they  deposit  much  mucus,  and 
acquire  a  peculiar  disagreeable  odor  and  taste  caused  by 
sulphur  combinations. 

In  a  crude  state  the  oils  can  be  used  only  as  lubricants. 
They  have  to  be  freed  from  mucus  and  albumen  by  refining, 
whereby  they  acquire  a  pale  yellow  color. 

The  specific  gravity  of  the  oils  ranges  from  0.91 12  to  0.9175 
at  59°  F.,  and  their  solidifying  points  from  28.5°  to  14°  F. 

The  different  varieties  of  oil  possess  the  following  properties : 

Summer  rubsen-seed  oil  is  brownish-yellow,  thickly-fluid,  has 
a  specific  gravity  =  0.9139  at  59°  F.,  and  at  the  same  tempera- 
ture is  1 5.1  times  more  thickly-fluid  than  water,  and  at  45.5°  F., 
22  times.  At  17.6°  F.  the  oil  separates  stearin  and  at  14°  F. 
solidifies  to  a  yellow-white  butter. 

Winter  rubsen-seed  oil  is  brownish  yellow,  has  a  specific 
gravity  =  0.9154  at  15^  F.,  and  at  the  same  temperature  is 
17.6  times  more  thickly-fluid  than  water  and  at  45.5°  F.,  22.6 
times.  At  24.8°  F.  it  separates  stearin  and  at  18.5°  F.  solidi- 
fied to  a  white-yellow  mass. 

The  refined  oil  is  pale  yellow  and  has  a  specific  gravity  = 
0.9127. 

Summer  rape-seed  oil  is  brownish-yellow  passing  into  green- 
yellow.  Specific  gravity  at  59^  F.  =  0.9147.  At  59°  F.  it  is 
16.4  times  more  thickly-fluid  than  water,  and  at  45.5°  F.,  22.7 
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limes.     It  separates  stearin  at  30.2^  F.,  and  at  24.8°  F.  solidi- 
fies to  a  greenish-yellow  white  butter. 

Winter  rape  seed  oil  also  is  brownish-yellow,  passing  into 
greenish.  Specific  gravity  at  59^  F.  =  0.9157,  at  50°  F.  = 
0.9184.  At  59°  F.  the  oil  is  18  times  more  thickly-fluid  than 
water  and  at  45.5^  F.,  22.4  times.  It  separates  stearin  below 
30.2°  F.,  and  solidifies  to  a  yellow-white  mass  at  28.4°  to 
26.6°  F. 

Freshly-pressed  oil,  on  standing,  separates  mucus,  becomes 
clear  and  the  upper  layers  appear  green-yellow,  and  the  lower 
golden  yellow.  On  heating  to  392°  F.,  it  becomes  green- 
yellow,  acquires  a  stronger  odor,  decomposes  at  662°  F.,  and 
gases  pass  over  which  condense  to  a  limpid,  acid,  yellow- 
green  oil  of  a  strong  odor.  The  refined  oil  has  a  pale,  wine- 
yellow  color  and  a  specific  gravity  =  0.9132. 

In  popular  language  rape  seed  oil  is  *'  fatter*'  than  rubsen 
seed  oil,  which,  however,  refers  only  to  its  being  more  thickly- 
fluid. 

Colza  oil  has  a  specific  gravity  =  0.9150,  and  when  refined 
=  0.9136.  In  color  it  resembles  winter  rape-seed  oil  and  is 
only  somewhat  more  thickly-fluid.  It  separates  stearin  at 
24.8^  F.,  and  at  21.2°  F.,  solidifies  to  a  yellow  buttery  mass. 

Japanese  cabbage  oil  has  a  deep-brown  color  and  a  disagree- 
able odor;  its  specific  gravity  at  59°  F.  is  0.914;  it  solidifies 
at  35.6°  F. 

The  expanding  power  of  the  above-mentioned  oils  is  almost 
the  same;  1000  quarts  of  oil  measured  at  32°  F.  increasing 
17.8  quarts  when  measured  at  68°  F. 

All  the  oils  are  sparingly  soluble  in  alcohol,  lOO  parts  of  the 
latter  absorbing  only  0.35  to  0.6  per  cent. 

As  regards  their  chemical  behavior  the  oils  are  almost  iden- 
tical. They  readily  absorb  oxygen  from  the  air  and  become 
rancid,  thickening  at  the  same  time  without  drying, 

There  is  scarcely  any  difference  in  their  elementary  compo- 
sition : 
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Rabwn  Oil.  Rape  OO. 


i' 


Carbon 77*2i  percent.    77^3  percent. 

Hydrogen j  13.36        "       j  13.03        " 

Oxygen I     943        "       |    9.50        •« 

■ '      ■■  ■       I  — ^— — — — ^— — 

;  ioojoo  per  cent.'  looxx)  per  cent 

I  : 


Colza  OO. 


77.34  per  cent. 
13." 
955        " 

ioojOO  per  cent. 


The  oils  contain  the  glycerides  of  stearic  acid,  erucic  acid 
s=s  brassic  acid  CbH4i  u  (  O,  and  of  an  oleic  acid  which,  ac- 
cording to  Darby  and  Websky,  differs  from  the  ordinary  oleic 
acid  in  not  yielding  sebacic  acid  C1OH10O4,  by  distillation. 

Nitric  cuid  of  1.180  specific  gravity  does  not  change  the 
color  of  the  oils.  Nitrous  acid  containing  nitric  acid  produces 
a  reddish-yellow  color. 

Fuming  nitric  acid  carefully  poured  into  the  oils  produces  on 
the  point  of  contact  a  brownish-red  coloring  with  a  slightly 
green  zone  below. 

Treatment  with  nitric  acid  and  starch  for  the  development  of 
nitrous  acid  colors 

Crude  oily  reddish-brown  in  about  an  hour.     After  about 
twenty  hours  the  oil  solidifies  to  a  more  or  less  granular 
brownish  mass.     Generally  the  layer  of  oil  does  not  ap- 
pear uniform  in  consistency  and  color. 
Refined  oily  reddish-yellow  with  a  more  or  less  brownish 
shade.     In  about  twenty  hours   the  oil  solidifies  to  a 
mass  not  darkly  colored,  and  sometimes  not  uniform  in 
consistency  and  color. 
An  addition  of  two  drops  of  concentrated  sulphuric  acid  to 
twenty  drops  of  oil  causes : 

In  crude  oily  in  dropping  in,  a  green  color  with  a  brownish 

edge,  and,  on  stirring,  a  green  color  gradually  becoming 

darker  and  finally  passing  into  a  green-brown. 

In  refined  oil  a  brownish-yellow  color,  which,  on  stirring, 

passes  into  a  dirty  greenish-brown  color,  the  green  be- 
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ing  more  pronounced  according  to  the  degree  of  refine-* 
ment. 

A  mixture  of  equal  parts  of  concentrated  sulphuric  acid^  nitric 
acidy  and  water,  shaken  with  an  equal  volume  of  oil,  produces 
only  a  reddish-yellow  coloring. 

Five  grammes  of  sulphuric  acid  added  to  1 5  grammes  of  oil 
causes,  according  to  Faisst  and  Knauss,  an  increase  in  the  tem- 
perature from  14^  C.  to  69^  C,  and  an  addition  of  7.5  grammes 
of  95  per  cent,  sulphuric  acid  to  1 5  grammes  of  oil  an  increase 
in  the  temperature  from  17®  C.  to  54^  C. 

Zinc  chloride  stirred  into  crude  oil  produces  first  a  beautiful 
blue-green  color,  which  later  on  passes  into  a  dirty  green.  Re- 
fined oil  treated  in  the  same  manner  becomes  yellowish  or,  ac- 
cording to  the  degree  of  refinement,  gray  with  a  slightly  greenish 
tinge. 

Solution  of  nitrate  of  silver  is  reduced  brown-red  by  both  the 
crude  and  refined  oils. 

Potash  lye  J  soda  lye,  and  liquid  ammonia,  shaken  with  oil  in 
the  proportion  of  one  to  five,  give,  with  crude,  oil,  a  yellow  emul- 
sion, and,  with  refined  oil,  a  yellowish  to  white  emulsion,  ac- 
cording to  the  degree  of  refinement. 

In  boiling  the  oils  with  potash  lye  or  soda  lye,  potassium  sul- 
phate or  sodium  sulphate  is  formed  in  consequence  of  a  sulphur 
combination  in  the  oils  which  is  not  yet  thoroughly  understood. 
The  presence  of  sulphur  in  these  combinations  is  indicated  by 
the  blackening  of  solution  of  subacetate  of  lead  or  of  nitrate 
of  silver,  and  also  by  the  formation  of  lead  sulphide  or  silver 
sulphide. 

This  behavior  is  shown  by  all  oils  obtained  from  the  Cruci- 
ferce,  and  their  presence  in  other  oils  can  therefore  be  readily 
detected  in  the  above  manner. 

The  presence  of  cruciferae  oil  is  still  more  simply  shown  by 
boiling  the  oil  with  white  lead  plaster,  the  emplastrum  plumbi 
of  the  druggist.  The  plaster  dissolves  in  the  oil,  and  by  the 
formation  of  lead  sulphide  colors  the  oil  brown  to  black. 

The  oils  of  the  different  species  of  Brassica  are  chiefly  used 
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for  illuminating  and  lubricating  purposes,  refined  oil  being  ex- 
clusively employed  for  the  first. 

The  oils  are  but  seldom  employed  in  the  mannfacture  of  soap, 
since  they  saponify  with  difficulty,  and  soft  soaps  prepared  from 
them  break  up  on  exposure  to  a  slight  degree  of  cold ;  the 
'*  foots  "  of  the  oil  mills  are,  however,  used  in  combination  with 
other  oils  in  the  manufacture  of  soft  soap. 

The  different  oils  have  a  disagreeable  acrid  taste,  but  by 
boiling  with  an  addition  of  the  potato-starch  or  fresh  bread  or 
of  onions,  may  be  converted  into  an  oil  for  edible  and  culinary 
purposes.  For  30  pounds  of  oil  one  pound  of  starch  is  used. 
The  oil  is  heated  in  a  boiler  until  the  starch  is  carbonized, 
when  it  is  allowed  to  rest  and  finally  filtered. 

The  disagreeable  taste  may  also  be  removed  by  an  addition 
of  sweet  spirits  of  nitre,  25  drops  to  about  3^  ounces  of  oil. 

The  oils  are  readily  and  perfectly  bleached,  according  to  C. 
Puscher,  by  mixing  100  parts  of  the  oils  with  2  parts  of  a  mix- 
ture of  equal  parts  of  96  per  cent,  alcohol  and  sulphuric  acid. 
Instead  of  partial  resinification,  the  usual  result  when  sulphuric 
acid  alone  is  used,  the  sulphuric  acid  forms  a  uniform  mixture 
with  the  oils ;  the  mixture  soon  becomes  turbid,  blackens  sub- 
sequently, and  after  standing  24  to  48  hours  a  small  black  de- 
posit subsides,  leaving  the  supernatant  oil  as  colorless  as  water. 
To  remove  traces  of  sulphuric  acid  the  oils,  after  decantation 
from  the  deposit,  are  shaken  with  a  little  water  and  allowed  to 
rest. 

The  oils  are  subjected  to  many  adulterations,  and  as  enor- 
mous quantities  of  them  are  used,  we  give  in  the  following  some 
hints  as  to  what  constitutes  good  oil. 

I.  Refined  oil  must  be  of  a  pale  wine-yellow  color,  clear, 
thoroughly  refined,  not  rancid,  and  free  from  acid.  It  should 
form  no  sediment,  burn  with  a  bright  white  flame  without  a  de- 
posit of  soot  and  without  odor.  It  should  be  so  completely  re- 
fined that  when  compounded  with  one  per  cent,  sulphuric  acid 
no  sediment  is  formed. 

It  should  have  a  specific  gravity  of  0.9132  to  0.91 12. 
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2.  Crude  oil — lubricating  oil — should  contain  as  high  a  per- 
centage of  fat  as  possible.  It  should  have  a  consistency  cor- 
responding to  the  temperature  of  the  season  of  the  year,  be  free 
from  particles  of  acid,  resin,  and  mucus,  and  form  no  sediment. 
Its  specific  gravity  should  be  0.9153  to  0.9132. 

The  non- rancidity  of  the  oil  can  be  readily  determined  by 
taste  and  odor. 

In  regard  to  being  **  free  from  acid,"  this  refers  partly  to  the 
possible  presence  of  sulphuric  acid,  due  to  bad  washing  after  re- 
fining, and  partly  to  free  oleic  acid.  In  the  first  case  the  oil 
fizzes  and  sputters  in  burning  and  rapidly  carbonizes  the  wick, 
and  in  the  other  case  deposits  more  soot.  In  both  cases  the 
oil,  if  used  as  a  lubricant,  attacks  the  lubricated  portions  of  the 
machinery. 

For  sulphuric  acid  the  oil  is  tested  by  shaking  with  water, 
allowing  to  settle,  and  testing  the  aqueous  fluid  with  blue  litmus 
tincture  or  with  solution  of  barium  chloride.  The  first  is  col- 
ored red  and  the  latter  produces  a  white  precipitate  of  barium 
sulphate. 

By  shaking  5  parts  by  weight  of  oil  with  20  parts  by  weight 
of  diluted  spirit  of  wine,  the  oleic  acid  passes  into  the  alcoholic 
solution  and  its  presence  can  be  established  by  blue  litmus 
tincture. 

The  oleic  acid  can  also  be  quantitatively  determined  as  fol- 
lows: Shake  2  parts  of  the  oil  with  10  to  12  parts  of  90  per 
cent,  spirit  of  wine,  mix  the  mixture  with  blue  litmus  tincture, 
and  then  add  carefully,  with  constant  shaking,  normal  soda  lye 
until  the  blue  litmus  color  reappears. 

The  cubic  centimetres  of  normal  soda  lye  used  in  the  deter- 
mination correspond  to  one  degree  of  acid,  and  the  latter  to 
about  0.28  per  cent,  of  oleic  acid. 

For  a  quicker  method  requiring  less  shaking,  a  determined 
quantity  of  oil  is  dissolved  in  a  mixture  of  equal  parts  of  spirit 
of  wine  and  ether,  compounded  with  litmus  tincture  and 
titrated  with  alcoholic  normal  potash  or  soda  lye.  One  alka- 
line degree  =  i  acid  degree  ==  0.28  per  cent,  of  oleic  acid. 

VOL.  1 — 31 
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For  the  quantitative  determination  of  olive  oil,  according  to 
Burstyni  see  olive  oil. 

Oils  free  from  acid,  shaken  with  a  concentrated  solution  of 
soda  or  potash,  separate,  after  resting,  into  two  layers.  If 
oleic  acid  is  present,  an  emulsion  is  formed. 

Rosaniline  serves  also  for  the  detection  of  oleic  acid  in  fats. 
In  a  free  state  it  is  a  colorless  base  which,  in  combination  with 
one  equivalent  of  acid,  yields  purple  aniline  colors.  By  adding 
this  base  to  oil  containing  free  oleic  acid  or  another  free  fatty 
acid,  the  change  of  color  into  red  takes  place  and  the  rosaniline 
oleate  formed  is  dissolved  in  all  proportions  by  the  neutral  oil. 
It  is  best  to  add  to  the  oil  a  few  drops  of  a  cold  saturated  solu- 
tion of  rosaniline  in  alcohol,  and  to  heat  the  mixture  until  the 
alcohol  is  evaporated.  If  no  free  acid  is  present,  the  rosani- 
line separates  from  the  uncolored  oil ;  in  the  other  case  the  oil 
is  colored  more  or  less  intensely  red. 

Adulterations  with  foreign  vegetable,  animal,  or  mineral  oils 
can  be  detected,  with  some  experience,  by  the  taste,  but  to  en- 
sure certainty  the  suspected  oil  has  to  be  saponified. 

Heat  3  parts  of  the  oil  in  question  with  2  parts  of  caustic 
soda  and  20  to  30  parts  of  water.  To  accelerate  saponification 
add  some  spirit  of  wine. 

Rosin  oil  and  mineral  oils  remain  unsaponified  and  float  upon 
the  lye.  The  lye  is  evaporated  to  dryness  and  extracted  with 
ether,  which  is  evaporated  in  a  tared  flask  and  the  latter 
weighed.  The  residue  contains  only  the  non-saponifiable  oils, 
saponified  oils  being  insoluble  in  ether. 

By  the  above  saponification  the  presence  of  other  oils  is  also 
recognized. 

Brassica  oil  gives  a  more  or  less  yellowish  soap,  according  to 
the  degree  of  refinement. 

Hemp  oil  a  greenish  brown-yellow  soap. 

Fish  oil  a  reddish-colored  soap. 

Linseed  oil  a  golden-yellow  soap. 

By  the  addition  of  i  volume  of  syrupy  phosphoric  acid  to  5 
volumes  of  oil,  y^^^^  per  cent,  of  fish  oil  can  be  shown  by  a  red 
coloring  which,  later  on,  passes  into  black. 
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Chlorine  colors  the  oil,  in  the  presence  of  fish  oil,  first  brown 
and  then  black. 

The  adulteration  of  refined  oil  with  camelina  or  German 
sesame  oil  is  detected  by  the  pale  bluish-green  coloring  given 
to  it  by  chlorine.  In  the  presence  of  hemp  oil  the  oil  becomes 
brownish-green,  and  in  that  of  linseed  oil  gray-green,  the  latter 
color  disappearing  again. 

For  the  detection  of  the  last  three  oils  the  elaidin  test  is  also 
reliable. 

An  addition  of  i  part  of  nitric  acid  containing  a  little  nitrous 
acid  to  5  parts  of  oil  scarcely  changes  refined  oil,  but  if  camelina 
oil  be  present  the  mixture  assumes  a  reddish  color,  in  the  pres- 
ence of  hemp  oil  a  greenish-brownish  color,  and  in  that  of  lin- 
seed oil,  a  greenish-yellow  color  shading  somewhat  into  a 
brownish  hue. 

Saponification  number  of  the  oils I77~i79 

Iodine  nomber  of  the  oils 98-100 

Iodine  number  of  the  fatty  acids 97-99 

Fusing  point  of  the  fatty  acids 68-69.8°  F. 

Solidifying  point  of  the  fatty  acids 60.8°  F. 

The  different  species  of  Brassica  are  cultivated  almost  every- 
where. Although  petroleum  has  largely  taken  the  place  of  the 
oils  of  the  different  species  of  Brassica  for  illuminating  pur- 
poses, they  nevertheless  hold  their  price,  since  cultivation  is 
more  restricted,  and  large  quantities  of  the  oils  are  used  for 
lubricating  purposes.  In  Germany  not  sufficient  seed  is  raised 
to  cover  the  demand,  and  large  quantities  of  it  are  imported 
from  Austria,  Hungary,  Galicia,  Roumania,  Russia,  etc.,  the 
crude  oil  being  exported  to  England,  America  and  Paris, 
though  France  produces  almost  enough  for  home  consump- 
tion. 

4.  The  seed  of  Brassica  napobrassica.  Miller — rutabaga  or 
Swedish  turnip — ^yields  an  oil  like  rape  oil,  which  is  known  as 
rutabaga  oil  {oleum  napobrassicoe).  It  has  a  specific  gravity  of 
0.916  at  59®  F. 

5.  Black  mustard  seed  oil  {oleum  sinapis  nigri — Schwarzsen- 
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foly  G.  /  huile  de  moutarde  noire ^  F.)  is  obtained  from  the  seed 
of  Brassica  nigra^  Koch  {Sinapis  nigra^  Linn.).  The  percent- 
age of  oil  varies  between  15  and  25  per  cent.,  while  the  seed  of 
the  closely  allied  sarepta  mustard  {Sinapis  juncea,  Linn.)  con- 
tains as  much  as  30  per  cent,  of  oil. 

Black  mustard.  Sarepta  mustard. 

Oil 22.20  p.  c.  28.45  p.  c. 

Organic  substances 66.81     "  5846 

protein  substances  therein                     20.52  p.  c.  28.60  p.  c. 

potassium  myronate    **                             1.68  "  0.61 

Ash 4.21     •«  5.74 

Water 6.78    "  7.35 


M 

28.60  F 

u 

<( 
M 


100.00        **  100.00        ** 

The  ash  of  black  mustard  contains : 

Potash 12.36  per  cent. 

Soda. 6.09        ** 

Magnesia 14*38        " 

Lime 17.34        ** 

Ferric  oxide 1.14        " 

Chlorine i  .38        « 

Sulphuric  acid 7.14 

Silicic  acid 2.78 

Phosphoric  acid 37-39 


« 


100.00  *• 

The  oil  cakes  from  black  mustard  are  used  for  the  preparation 
of  mustard  and  mustard  paper,  while  the  oil  cakes  from  Sarepta 
mustard,  which  is  peeled  before  pressing,  come  into  commerce 
as  a  pale  yellow  meal. 

Brassica  juncea  is  indigenous  to  India,  but  is  largely  culti- 
vated in  Sarepta,  Russia,  one  single  firm  alone  exporting  nearly 
2,000,000  pounds  of  seed  annually.  In  Russia  the  oil  is  used 
as  a  table  oil. 

Both  oils  contain  stearic  acid,  erucic  or  brassic  acid,  and  an 
oleic  acid. 

Black  mustard-seed  oil  has  a  dark  yellow-brownish  color,  a 
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mild  flavor,  and  slight  mustard  odor.  It  is  15.6  times  more 
thickly  fluid  than  water,  has  a  specific  gravity  of  0.917  at  59° 
F.,  solidifies  at  0.5^  F.,  and  is  soluble  in  4  parts  of  ether  and  in 
1000  parts  of  spirit  of  wine. 

An  addition  of  2  or  3  drops  of  concentrated  sulphuric  acid  of 
1.84  specific  gravity  to  20  drops  of  oil  colors  the  latter  bluish- 
green  with  brown  stripes,  the  color  passing  later  on  into  brown. 

Sulphuric  acid  of  1.72  specific  gravity,  mixed  with  equal 
parts  of  oil,  colors  it  blue-green,  the  color  remaining  pure 
about  five  minutes. 

Nitric  acid  containing  some  nitrous  acid  colors  the  oil  dirty 
brownish-yellow ;  fuming  nitric  acid,  reddish.  With  the  elaidin 
test  the  oil  solidifies  in  about  18  hours. 

Zinc  chloride  causes  a  dark-gray-green  coloring. 

Potash  and  soda  lye  give  a  yellowish-whitish  emulsion. 

The  most  characteristic  test  to  distinguish  it  from  rape  oil  is 
its  behavior  towards  sulphuric  acid  of  i  .72  specific  gravity. 

Black  mustard-seed  oil  is  not  adapted  for  lamp  oil,  and  is 
principally  used  in  the  manufacture  of  soap.  Commerce  in  it 
is  limited,  as  it  is  only  obtained  as  a  by-product. 

A  volatile  oil  is  also  produced  from  black  mustard  seed  after 
pressing  out  the  fatty  oil. 

6.  Brassica  chinensis,  Linn.,  Chinese  cabbage,  is  cultivated  in 
China,  and  the  oil  obtained  by  extraction. 

7.  White  mnstard'Seed oil  {oleum  sinapis  alba;  Weissenfol^  G., 
huile  de  mustarde  blanche ^  F.)  is  expressed  from  the  seed  of 
Sinapis  alba^  Linn.  =  Brassica  alba,  Boiss.,  or  white  mustard. 

The  seed  contains  25  to  35  per  cent,  of  oil. 

Oil 29.30  per  cent. 

Organic  substances, 59>25      " 

protein  substances  therein 28.20  per  cent. 

with  nitrogen  therein 4.25      " 

Ash 4.45      " 

Water 7.00      ** 

100.00      " 
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The  ash  contains: — 

Potash I0J02  per  cent 

Sod* 9.61      " 

Magnesia 11.25      " 

Lime 31.28      " 

Ferric  oxide 146      " 

Chlorine 0.20      ** 

Sulphuric  acid 541      ** 

Silicic  acid 3.36 

Phosphoric  acid 37*41 


u 
u 


100.00 


«4 


The  yield  of  oil  by  pressing  amounts  to  about  20  to  25  per 
cent. ;  the  oil  cake  is  utilized  like  that  from  black  mustard-seed. 

White  mustard-seed  oil  consists  of  the  glycerides  of  stearic 
acid,  erucic  or  brassic  acid,  and  of  an  oleic  acid.  It  has  a 
golden-yellow  color  and  a  peculiar,  somewhat  sharp,  taste. 
Its  specific  gravity  is  O.9145  at  59^  F.,  and  at  that  temperature 
it  is  17.4  times  more  thickly  fluid  than  water.  It  thickens  at 
17.6°  F.  and  solidifies  at  3.0°  F.  With  the  elaidin  test  the  oil 
solidifies  to  a  dirty  yellowish  mass  in  about  20  hours. 

Nitric  acid  containing  some  nitrous  acid  colors  the,  oil  very 
slightly ;  fuming  nitric  acid  gives  on  the  point  of  contact  a 
cherry-red  coloration,  but  without  a  green  zone. 

Concentrated  sulphuric  acid  of  i  .84  specific  gravity  colors  the 
oil  greenish-brown  and  later  on  darker  brown.  Acid  of  1.72 
specific  gravity  gives  a  dirty  greenish-brown. 

Zinc  chloride  produces  a  dirty  brownish-green  color. 

Potash  and  soda  lye  give  a  yellowish  emulsion  and  saponify 
the  oil  very  quickly. 

In  India  white  mustard  is  cultivated  for  lamp  oil ;  otherwise 
the  oil  is  only  obtained  as  a  by-product.  It  is  used  for  lamp 
and  lubricating  oil,  but  is  not  much  employed  in  the  manufac- 
ture of  soap,  at  least  by  itself. 

In  California,  where  the  mustard  plant  thrives  and  grows  in 
such  profusion  that  it  becomes  a  pest  to  the  wheat-fields,  it  is 
gathered  by  Chinamen,  who  thresh  and  bring  the  seed  to  the 
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oil-mill  in  San  Francisco,  where  they  dispose  of  it  at  two  to 
three  cents  per  pound.  Many  who  have  made  trial  of  it  prefer 
the  oil  to  that  made  of  lard  or  the  olive  for  cooking  purposes. 
It  is  also  extensively  used  to  adulterate  olive  oil.  The  oil  is 
sold  in  San  Francisco  at  about  $1.25  per  gallon. 

8.  Radish-seed  oil  {oleum  raphani,  Rettigoly  G. ;  huile  de 
raiforty  F.)  is  obtained  from  the  seed  of  Raphanus  sativus^ 
Linn.,  and  the  variety  Raphanus  sativus  chinensis  oleiferus^ 
Linn.  The  seed  is  very  rich  in  oil,  containing  between  45  and 
50  per  cent. 

Oil 46.13  per  cent. 

Organic  substances. 42*37       " 

albuminous  substances  therein ....  27.S0  per  cent. 

with  nitrogen  therein 3.90        '* 

Ash 3.65 

Water 7.85        " 

100.00    ^ 

Radish-seed  oil  has  a  greenish-reddish  color,  a  mild  taste, 
and  is  almost  inodorous.  It  has  a  specific  gravity  of  0.9175  at 
59^  F.,  and  at  this  temperature  is  15.8  times  more  thickly  fluid 
than  water.  It  becomes  thick  at  14^  F.  and  solidifies  at  0.5^ 
F.  It  consists  of  stearic,  brassic,  and  oleic  acids ;  when  treated 
with  potash  or  soda  lye,  it  yields  a  yellowish  soap. 

Nitric  acid,  containing  some  nitrous  acid,  of  1.20  specific 
gravity,  does  not  color  the  oil.  Fuming  nitric  acid  produces  a 
red  coloring  with  a  green  zone. 

Sulphuric  acid  oi  1.72  specific  gravity  produces  a  yellowish- 
brown  coloring,  and  acid  of  i  .84  specific  gravity  a  pure  brown 
color  lasting  quite  a  long  time. 

Zinc  chloride  has  at  first  no  eflfect,  but  later  on  shows  a  slight 
grayish-green  coloring. 

Radish-seed  oil  is  used  as  a  table  oil  and  is  quite  durable. 
It  is  not  well  adapted  for  lamp  oil,  as  it  deposits  soot  and  burns 
away  rapidly.  The  Chinese  manufacture  Chinese  ink  from  the 
soot  of  radish  oil  and  sesame  oil. 
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9.  Hedge  radish  seed  or  wild  radish  seed  oil  (Hederich  oil,  G. ; 
huile  de  rhapanistre,  F.)  from  the  seeds  of  Raphanus  raphanis- 
truniy  Linn.,  =  R,  arvense,  Wallr.,  a  common  weed  frequently 
mistaken  for  wild  mustard,  Sinapis  arvense.  When,  in  1880,  the 
rape-seed  crop  of  Hungary  proved  a  failure,  many  experiments 
were  made  with  the  seeds  of  various  plants  to  obtain  a  product 
similar  to  rape-seed  oil.  It  was  found  that  the  seed  of 
raphanus  raphanistrum  answered  all  demands  in  this  respect. 
The  oil  was  then  obtained  for  the  first  time  on  a  large  scale» 
and  at  the  present  time,  the  plant,  which  thrives  very  well  upon 
sandy  soil,  is  largely  cultivated  in  Hungary,  and  the  oil  ex- 
pressed from  the  seed  brought  into  commerce  either  by  itself 
or  mixed  with  rape-seed  oil.  The  seed  contains  30  to  35  per 
cent,  of  oil.  The  oil  obtained  by  expression  has  a  dark  olive- 
green  color,  a  specific  gravity  of  0.9135  at  59°  F.,  thickens  at 
28.5^  F.  and  solidifies  at  17.5^  F.  It  has  a  mild  flavor  with  an 
acrid  after-taste.  It  is  rather  difficult  to  saponify,  i  gramme  of 
oil  requiring  174  milligrammes  of  caustic  soda,  whereas  i 
gramme  of  crude  rape-seed  oil  requires  177  milligrammes.  As 
the  difference  between  these  figures  is  very  small,  this  behavior 
cannot  be  used  for  the  detection  of  hedge  radish  oil  in  the 
presence  of  rape-seed  oil.  The  following  behavior  seems,  how- 
ever to  be  characteristic  for  hedge  radish-seed  oil :  About  five 
grammes  of  the  oil  in  question  are  partly  saponified  by  heating 
with  potash  lye  and  spirit  of  wine,  and  then  separated  by  filtra- 
tion from  the  non-saponified  oil,  which  is  of  a  gold-yellow  color 
and  almost  tasteless  and  inodorous.  In  the  presence  of  a  con- 
siderable quantity  of  hedge  radish  oil  the  pressed  filtrate  be- 
comes perceptibly  green  on  mixing  with  hydrochloric  acid  to  a 
strong  acid  reaction.  The  behavior  of  crude  hedge  radish  oil 
towards  the  most  common  reagents  used  in  the  examination  of 
fat  oils  will  be  seen  from  the  annexed  table.  (Five  volumes  of 
oil  were  mixed  with  one  volume  of  the  respective  reagent,  the 
mixture  shaken  for  about  three  minutes,  and  then  allowed  to 
rest.) 
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Reagent. 


Reaction. 


Dark  green. 


Sulphuric  acid  of  1.635  specific 

gravity. 
Sulphuric  acid  of  1.430  specific  |  Olive  green,  be- 

gravity.  |     coming    darker 

by  standing. 
Sulphuric  acid  of  1.570  specific    Dark  green. 

gravity. 


Nitric  acid  of  1. 1 8  specific  grav- 
ity. 

Nitric  acid  of  1.22  specific  grav- 
ity. 

Nitric  acid  of  1.33  specific  grav- 
ity. 

Equal  parts  of  sulphuric  acid  of 
1.S45  specific  gravity  and  ni- 
tric acid  of  1.330  specific 
gravity. 

Nitro-muriatic  acid  (25  parts 
of  concentrated  hydrochlo- 
ric acid  and  i  part  of  nitric 
acid). 

Nitric  acid  of  1.33  specific  grav- 
ity and  soda  lye  of  1.33  spe- 
ciific  gravity. 


Olive-green,  with 
a  yellow-brown 
shade. 

Olive-green,  with 
a  yellow  shade. 

Dark-brown- 
green. 

Dark  brown. 


Dark-yellow 
green. 


A    chocolate-col- 
ored mixture. 


Remarks. 


By  allowing  the  third  mixture 
to  stand  for  some  time,  two 
layers  are  formed.  With 
hedge-radish  oil,  the  upper 
layer  is  grass-green,  the  lower 
the  color  of  verdigris.  Rape- 
seed  oil  shows  an  almost  uni- 
form olive-brown  color  in 
both  layers. 

By  long  standing  two  layers 
are  formed;  the  upper  yel- 
low, the  lower  greenish. 

Rape-seed  oil  shows  a  brown 
color  shading  into  red. 


Rape-seed  oil  shows  a  coffee* 
brown  color. 


Soda  lye  of  1.34  specific  gravity.    Yellow-green. 

Concentrated  solution  of  potas-    Brown,     shading 

sium  bichromatf^  compounded       into  olive-green. 

with  sulphuric  acid. 
Barbot*s  reagent— concentrated    Dark  olive-green. 

nitric    acid     saturated     with 

nitric  oxide. 
Syrup-thick    solution  of    phos-    Olive-green. 

phoric  acid. 


After  long  standing  two  layers 
are  formed,  the  lower  one 
white,  which,  however,  in  the 
presence  of  considerable  rape- 
seed  oil  is  yellow. 

Rape-seed  oil  shows  a  light 
yellow- brown  color. 

Rape-seed  oil  shows  a  light 
red-brown  color. 

Rape-seed  oil  shows  a  brown 
color  with  a  red  tinge. 


Hederacea  ( Umbelliflora) , 

Dogwood  oil  {^Hartriegeldl^  G. ;  huile  de  cornouiller^  F.)  is  ob- 
tained from  the  fruits  of  Cornus  sanguinea,  Linn  and  C.  mas- 
cula,  a  small  shrub  or  tree  indigenous  to  Europe.  The  fruits 
contain  17  to  20  per  cent,  of  oil,  which,  as  in  the  olive,  is 
found  in  the  pericarp.  It  is  pale^reen,  odorless,  and  of  a  not 
unpleasant  taste.  In  France  it  is  used  as  lamp  oil  and  in  the 
manufacture  of  soap. 
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Apocynea  {Con^orta). 

1.  Exi/e  oil,  from  Cerbera  tkevetia,  Linn.,  a  tree  indigenous 
to  the  West  Indies  and  South  America,  and  cultivated  in  the 
East  Indies.  The  seed  contains  30  per  cent,  of  a  limpid,  pale- 
yellow  oil. 

2.  Cerbera  manghas,  Linn.,  and  Cerbera  odollam,  Gaertner, 
which  belong  to  the  same  family,  yield  oils  used  in  the  East 
Indies  as  lamp  oil. 

3.  Wrightia  antidysenterica,  R.  Br.,  yields  an  excellent 
anthelmintic  oil. 

Bignoniacea  Sesamece  Labiatiflora, 

I.  Sesame  oil,  gingelly  oil,  til  or  teel  oil,  or  bcnne  oil 
{oleum  sesami ;  Sesamol,  G. ;  Auile  de  sesame,  F.)  is  obtained 
from  Sesamum  orientale,  Linn.,  a  plant  much  cultivated  in  the 
Levant  and  India.  On  account  of  its  cheapness  and  richness 
in  good  oil,  sesame  seed  forms  at  the  present  time  one  of  the 
most  important  raw  materials  for  obtaining  oil,  especially 
in  France  and  England,  and  recently  also  in  Germany  and 
Austria.  The  brownish  to  black  Levantine  seed  contains  50 
to  60  per  cent,  of  oil  better  adapted  for  table  purposes  than 
that  from  Indian  seed,  which  contains  only  47  to  52  per  cent. 

Brown  Levantine  seed.  Yellowish  Indian  seed. 

Oil 55*^3  P'C*  50.84  p.  c. 

Organic  substances 30.95    *'  35.25    " 

protein  substances  therein  2 1 .42  p.  c.  22.30  p.  c. 

with  nitrogen  •*  3.39  "  3.56    ** 

Ash 7.52    "  6.85 

Water 3.90    ••  7.06 


M 


100.00        "  100.00        *' 


The  seed  is  generally  pressed  three  times,  twice  cold  and  the 
third  time  warm. 

The  yield  of  oil  varies  between  45  and  50  per  cent,  and  that 
of  oil  cake  between  50  and  55  per  cent. 
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lit  preMure  extra-fine  table  oil 25  to  39  per  cent. 

2d        •*  "  "      10  to  10      " 

3d        **        ordinary  o9 10  to  10      *' 


45  to  50 


w 


In  Calcutta,  where  the  seed  is  pressed  only  twice,  the  aver- 
age yield  from  the 

lit  preMore  is  fine  oil 36  per  cent 

2d        "        ordinary  oil ,   11       " 

47      - 

The  oil  cake  has  the  following  composition : 

Water 8.25  per  cent. 

Fat 7.63      " 

Subatances  free  from  nitrogen 40-90      " 

Protein  subatancet 32.82      ** 

nitrogen  therein 5.25  per  cent. 

Ash lo^o      ** 

100.00      " 

The  separate  constituents  of  the  ash  of  the  cake  are  distrib- 
uted as  follows ; 

Potash 20.82  per  cent 

Soda 5.63  " 

Magnesia 1447  " 

Lime 15.13  ** 

Ferric  oxide 2.00  *' 

Chlorine 1.74  <* 

Sulphuric  acid 3.20  ** 

Silica 6.82  « 

Phosphoric  acid 30.19  ** 

100.00      ** 

The  first  cold-drawn  oil  is  the  best,  and  as  a  table  oil  is  es* 
teemed  equal  to  the  best  olive  oil,  and  even  preferred  to  it  on 
account  of  its  slightly  piquant  flavor.  The  oils  pressed  in 
Europe  are  superior  in  quality  to  all  others. 

Sesame  oil  obtained  by  extraction,  as  well  as  that  by  the 
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third  pressure,  is  used  in  France  only  in  the  manufacture  of 
soap. 

Sesame  oil  is  of  a  beautiful  golden-yellow  color,  almost  ino- 
dorous, and  has  a  characteristically  pure  and  mild  flavor.  At 
59^  F.  it  is  sixteen  times  more  thickly-fluid  than  water.  Its 
specific  gravity  is  0.9188  at  68°  F.,  0.9235  at  59°  F.,  and 
0.9272  at  50°  F,  The  oil  remains  clear  at  39.0°  F.,  but  be- 
comes gradually  thicker  below  that  temperature,  and  solidifies 
to  a  uniform  yellowish-white  mass  at  23*^  F. 

The  elementary  composition  of  the  oil  is  as  follows : — 

Carbon 75*22  per  cent 

Hydrogen 11. 13       ** 

Oxygen 1 3.65 


100.00 


M 


M 


It  consists  of  the  glycerides  of  oleic  acid,  besides  of  stearic, 
palmitic,  and  myristic  acids,  and"^  somewhat  resinous  substance 
not  yet  thoroughly  known,  which  can  be  obtained  by  frequent 
shaking  and  treatment  with  glacial  acetic  acid. 

Nitric  acid  of  1.20  specific  gravity  colors  the  oil  yellowish- 
red,  the  color,  according  to  the  concentration  of  the  acid,  pass- 
ing more  and  more  into  yellow- red.  The  same  effect  is  pro- 
duced by  shaking  with  a  mixture  of  equal  parts  of  sulphuric 
and  nitric  acids  and  water,  though  at  first  a  transitory  green 
color  is  observed. 

With  the  eldidin  test,  and  also  by  treatment  with  nitric  acid 
and  copper  or  starch,  the  oil  in  a  short  time  becomes  red,  but 
later  on  the  mixture  changes  to  a  dirty  reddish-brown,  becomes 
opaque,  and  remains  only  curdy  even  after  twenty-four  hours. 

Sulphuric  acid  of  1.72  specific  gravity  colors  the  oil  first 
brown  and,  on  stirring,  green;  acid  of  1.84  specific  gravity,  first 
dark-brown  and,  on  stirring,  dirty  greenish-brown.  ' 

Zinc  chloride  does  not  color  the  oil. 

Glacial  acetic  acid  shaken  with  an  equal  volume  of  sesame 
oil,  and  the  mixture  heated  to  224.6°  F.  gives  a  clear  solution. 

Of  iodine  up  to  39  per  cent,  is  dissolved  by  sesame  oil. 
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Potash  and  soda  lye  and  ammonia  give  a  whitish  emulsion, 
saponification  taking  place  quite  rapidly  on  heating. 

Solution  of  nitrate  of  silver  is  not  reduced. 

The  only  profitable  adulteration  of  sesame  oil  would  be  with 
peanut  oil,  the  specific  gravity  of  which,  0.918,  is  considerably 
less  than  that  of  sesame  oil,  and  besides  the  sulphuric  acid  test 
is  decisive. 

Saponification  number  of  the  oil 192-193 

Iodine  number  of  the  oil 103-105 

Iodine  number  of  the  fatty  acids i  lo-i  12 

Fusing  point  of  the  fatty  acids. 95^-96.8^  F. 

Solidifying  point  of  the  fatty  acids 89^-89.6^  F. 

Sesam6  oil  is  used  for  edible  and  culinary  purposes,  as  illum- 
inating oil,  lubricating  oil,  for  perfumery  purposes,  and  in  the 
manufacture  of  soap ;  it  is  also  employed  for  adulterating  olive 
oil,  which  see. 

The  sesame  seed  trade  from  the  East  Indian  ports  and  the 
Levant  is  of  considerable  importance ;  the  Java  seed  is  most 
highly  valued,  it  yielding  oil  of  the  palest  color  and  finest  flavor. 
The  greater  portion  of  the  oil  is  expressed  in  the  Mediterranean 
markets,  especially  in  Marseilles  and  Trieste.  France  imports 
annually  about  77,000  to  88,000  tons  of  sesame  seed. 

The  oil  is  shipped  in  wooden  barrels  holding  about  1320  to 
1540  lbs.  (600  to  700  kilogrammes). 

2.  Paulownia  imperialism  Sieb.  and  Succ,  a  beautiful  tree  of 
Japan,  yields  an  oil  much  used  by  the  Japanese  known  as 
"  huiledetoty'  or  **  abura  tot**  which,  as  regards  its  properties,  is 
inclined  towards  the  drying  oils. 

Oleacea  {Ligustrina) . 

I .  Olive  oil^  sweet  oil  or  salad  oil  {oleum  olivarum  ;  Olivenol, 

Baumol  or  Provencer  Oelj  G. ;  huile  d* olive  or  huile  de  Provence^ 

F.)  is  expressed  from  the  fruit  of  olea  europaea,  Linn.,  or  the 

common  olive  tree. 

In  Southern  Europe  there  are  two  principal  species  of  olive 
trees : 
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a.  Olea  europaa  sylvestris,  the  oleaster  (wild  olive),  having  a 
kind  of  thorn,  very  short  leaves  and  producing  only  a  few  small 
berries. 

b.  Olea  europaa  saliva^  without  thorns,  lanceolate  leaves  and 
large  fruits.  Seedlings  of  the  sativa  sometimes  deteriorate  so 
as  not  to  be  distinguished  from  the  oleaster.  The  latter  species 
only,  yields  oil.  There  are  numerous  varieties — from  forty  to 
one  hundred — which  diflfer  not  only  as  regards  habitat,  but  also 
in  the  size  and  shape  of  the  flowers  and  the  size  of  the  fruit. 

M.  Barbe,  sr.,  in  his  **  Etudes  sur  les  Oliviers"  describes 
four  varieties  as  follows : 

The  Blanquetier^  which  grows  large,  branchy,  with  light 
green  foliage ;  the  fruit  is  small,  the  pulp  has  at  first  a  bitter 
taste,  then  a  mellow  after-taste ;  the  oil  is  abundant ;  it  blossoms 
freely,  but  too  often  disappoints  the  hopes  for  fruit. 

The  Blavier^  which  has  a  very  rustic  appearance,  is  very 
hardy;  its  fruit  is  oblong  and  comparatively  large;  the  pulp  is 
coarse,  the  oil  deeply  colored ;  the  fruit  is  sensitive  to  cold. 

The  Arabanier  or  Araban  is  less  rustic  and  less  lofty  than  the 
last ;  its  foliage  is  poor,  the  fruit  round ;  the  oil  is  of  ordinary 
quality,  better  when  made  from  fruit  not  quite  ripe.  This  tree 
is  hardier  than  either  the  Blavier  or  the  Blanquetier,  and  re- 
sists better  the  effects  of  wind  and  frost. 

The  Cailletier^  well  known  and  popular  for  years  past,  grows 
tall ;  its  branches  hang  low,  the  leaves  are  glossy  dark  green  on 
the  upper  surface,  nearly  white  underneath ;  the  bark  is  rough 
and  of  a  gray  hue ;  the  tree  appears  less  green  than  the  other 
varieties  because  of  the  disposition  of  the  branches ;  the  fruit,  in 
clusters  at  the  ends  of  the  branches,  is  of  good  size,  convex  on 
one  side,  concave  on  the  other ;  yields  oil  which  is  of  superior 
quality  in  all  points.  This  tree,  also  known  by  the  character- 
istic name  of  Pendoline,  thrives  best  in  dry  lands ;  at  its  best, 
its  fruit  sells  for  a  third  more  than  others  for  mixing  with 
poorer  qualities.  It  is  a  robust  tree  and  can  be  severely 
pruned.  Its  greatest  enemy  is  the  Dacus  oleot  or  Keiron, 
Cattle,  too,  if  pastured  in  the  grove,  must  be  kept  from  its  low- 
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hanging  branches.  Other  good  varieties  for  oil  are  the  Nirvana^ 
also  called  Naustrales  and  Brocienne ;  the  Auriola^  also  called 
Pignola ;  the  Nicoise,  the  Blanche^  the  Roberon,  the  Negrette, 
the  Sagety  the  Caillan,  etc. 

For  preserving  the  Verdale^  a  large  oval  fruit,  the  Amenleatty 
the  LucqueSy  a  small  variety  with  sharp  pointed  stone.  The 
Poncinere^  grown  everywhere  in  the  "Alpes  Maritimes,"  the 
Calliachey  too,  and  the  Picholine  are  well  liked. 

In  the  department  of  "  Alpes  Maritimes,"  the  olive  covers 
about  70,000  acres;  it  yields  a  revenue  of  $2,000,000,  and  is 
the  only  income  of  many  families. 

Olives  are  harvested  from  September  to  December  and  picked 
by  hand,  or  the  farmers  spread  sheets  under  the  trees  and 
knock  the  fruit  down  with  poles. 

1000  grammes  of  olives  contain: 

Fresh.  Dned. 

Flesh  with  skin 714*29  grammes  572.62  grammes. 

Stone 232.25        <'  3S0.15        *' 

Seed .' 53.46        «  47.23        " 

1000.00  grammes.      iooojOO  grammes. 

P  pj  VI  J      , 

Unripe  olives  contain  mannite  *tt^  ?  0«  a  hexatomic  alco- 
hol which  during  the  ripening  of  the  fruit  is  converted  into  fat 
oil,  because  no  mannite  is  found  in  the  ripe  fruit. 

The  rind  (exocarp),  flesh  (mesocarp),  stone  (endocarp), 
and  seed  of  the  olive  contain  each  a  special  oil  with  more  or 
less  solid  fatty  acids ;  the  oil  from  the  flesh  contains,  for  in- 
stance, considerable  less  palmitin  and  remains  fluid  at  quite  a 
low  temperature. 

The  amount  of  oil  in  olives  varies  between  30  and  50  per 
cent,  though  it  sometimes  occurs  that  the  flesh  contains  as 
much  as  70  per  cent,  of  oil  besides  25  to  30  per  cent,  of 
water  and  5  to  10  per  cent,  of  organic  substance. 

The  olives,  etc.,  contain : — 
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Oil 

Organic  substance .  • . . 
nitrogen  therein.... 

Ash 

Water 


Flesh. 


564  p.  c. 
16.70  " 

2.68  " 
24.22  " 


i.iop.  c. 


100.00  p.  c. 


Stone. 


5.75  p.  c. 
85.89   " 


4.16    " 
4.20    " 


2.50  p.  c. 


100.00  p.  c. 


Seed. 


1 2.26  p.  c. 
79.38 


2.16    « 
6.20    «* 


2.16  p.  c. 


100.10  p.  c. 


The  ash  contains : 


Potash 

Soda > 

Magnesia 

Lime 

Ferric  oxide  . . . . . 

Chlorine 

Sulphuric  acid. . .  • 

Silica 

Phosphoric  acid 


Flesh. 


80.90  per  cent. 
7-53 


« 


0.18 
7.46 
0.72 
0.18 
1.05 
0.65 

^'33 


it 
it 


it 


it 


tt 
u 


it 


100.00  per  cent. 


Stone. 


it 
it 
it 
it 
it 
tt 
it 
(I 


100.00  per  cent. 


Seed. 


^8.80  per  cent.  • 
6.60       " 
0.36 

745 
0.81 

4.72 

3.27 
1.25 

15.74 


30.25  per  cent. 
1.96       «* 
I.I5 

30.39 
0.1 1 

0.1 1 

2.43 

1.36 

21 


5.36 

i8.24 


ti 


a 
ti 
ti 
tt 
a 
it 


100.00  per  cent. 


For  the  preparation  of  the  finest  oil,  known  as  "  virgin  oil,*' 
only  the  flesh  of  olives  picked  by  hand  is  used.  The  olives  are 
spread  separately  upon  a  linen  cloth  for  four  to  five  days  and 
then  carefully  peeled  piece  by  piece,  so  that  not  the  smallest 
piece  of  rind  remains.  Later  on  the  flesh  is  carefully  separated 
from  the  stone  and  reduced  to  a  pulp  in  suitable  mortars. 
The  pulp  is  packed  in  strong  linen  and  the  oil  expressed  by 
twisting  the  linen  together.  The  residue,  which  still  contains 
much  oil,  is  pressed  for  a  second  quality  of  oil.  The  virgin  oil 
is  allowed  to  settle  in  a  cold  place  from  which  the  air  is  ex- 
cluded as  much  as  possible,  and  after  about  a  month  is  filtered. 

For  the  preparation  of  other  oils  the  olives  are  reduced  to  a 
pulp  without  previous  peeling  and  stoning,  and  the  pulp 
pressed. 
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The  method  of  preparing  olive  oil  varies  in  different  coun- 
tries, but  all  agree  in  the  principle  of  fabrication  that  for  the 
best  quality  of  oil  the  olives  are  only  subjected  to  a  slight  cold 
pressure,  for  the  second  or  ordinary  quality  to  a  stronger  cold 
pressure,  and  for  the  third  quality  to  warm  pressure,  with  an 
addition  of  warm  water  to  the  pulp.  A  fourth  quality  of  oil  is 
obtained  by  boiling  the  residue  with  water. 

In  Southern  France  and  Northern  Italy  the  process  of  manu- 
facture is  as  follows :  Before  the  olives  enter  the  mills  they  are 
carefully  spread  over  the  floor  of  the  well-ventilated  store-room, 
where  they  are  allowed  to  dry  for  three  days  if  the  wind  is  from 
the  south,  and  four  or  five  days  if  from  the  north.  The  olive 
seems  to  lose  no  oil  until  the  humidity  is  taken  out,  but  water, 
hot  or  cold,  or  still  better,  oil,  must  be  added  to  olives  too  dry 
to  cause  their  oil  to  flow. 

The  first  stage  in  the  operation  consists  in  crushing  the 
olives.  The  mill  in  use  to-day  for  this  purpose,  differs  little 
from  those  used  for  centuries,  it  consisting,  as  a  rule,  of  a  single 
horizontal  stone  running  upon  a  bottom-stone.  Sometimes 
there  are  two  vertical  stones  set  at  such  a  distance  from  the 
bottom-stone  that  the  stones  of  the  olives  are  not  crushed. 
When  the  olives  have  been  reduced  to  an  oily  paste,  the  latter 
is  shoveled  out  and  packed  into  flattish-round  woven  grass-bags 
which  are  taken  to  the  presses.  The  latter  are  simply  rough 
heavy  frames  fitted  with  large  screw  presses  worked  by  hand. 
The  bags  are  piled  up  in  single  piles,  like  so  many  cheeses,  on 
the  wide  oak  slab  forming  the  bottom  of  the  frame,  and  the 
presses  are  screwed  down  upon  them  with  a  hand-bar.  The 
first  oil  running  off,  if  a  fine  quality  of  olives  is  used  and  due 
care  has  been  observed,  is  of  good  quality  and  is  brought  into 
commerce  as  ''salad  oil"  and  frequently  even  as  "virgin  oil," 
though  the  latter  is  a  thing  which  cannot  be  found  by  the  ordi- 
nary consumer. 

Semler  in  his  work  "  Tropische  Agricultur,"  gives  directions 
for  the  construction  of  a  mill  for  crushing  olives.  The  upper 
roU  B^  Fig.  227,  comminutes  the  olives  to  coarse  pieces  while 
VOL.  I — 32 
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the  lower  rolls  C  and  D  crush  the  cells.  Since  the  rolls  can  be 
set  at  any  desired  distance  from  each  other,  the  oHves  may  be 
entirely  crushed  or  the  stones  left  whole. 

After  the  first  pressure  the  residue,  called  in  Italy  " sansa," 
or  "  nocciulo,"  still  contains  a  considerable  quantity  of  oil, 
which,  however,  is  so  enveloped  by  the  other  constituents  of 
the  fruit  that  the  presses  ordinarily  used  cannot  force  it  out. 
To  obtain  a  further  portion  of  the  oil  the  nearly  dry  press-cakes 
are  ground,  soaked  with  water  and   again  subjected  to   cold 


pressure.  For  the  reception  of  the  oil  mixed  with  water  two 
capacious  vessels  are  provided,  one  of  which  is  being  filled, 
while  in  the  other  the  oil  separates  from  the  water;  the  oil 
lising  to  the  surface  of  the  water  is  skimmed  ofT  with  large  tin 
skimmers. 

The  residue  from  the  second  pressure  also  called  "  iwcWa  " 
is  treated  in  the  same  manner  with  hot  water. 

C.  Cooper,  of  San  Francisco,  gives  the  following  method  of 
the  manufacture  of  olive  oil  in  California:  The  fruit  should  be 
gathered  as  soon  as  it  turns  purple,  and  before  fully  ripe,  as  the 
the  oil  will  be  lighter  in  color  and  more  fragrant,  but  somewhat 
less  in  quantity.     The  more  economical  plan  of  gathering  is  to 
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pick  from  the  trees  by  hand  and  by  the  aid  of  intelligent  con- 
trivances. An  active  man  can  pick  four  hundred  pounds  per 
day.  The  leaves  and  imperfect  berries  are  separated  by  pass- 
ing the  whole  through  a  winnowing  mill.  The  process  leaves 
the  fruit  in  the  best  possible  condition  preparatory  to  manu- 
facturing the  oil. 

The  berries  are  dried  before  crushing,  as  it  is  necessary  to 
evaporate  a  portion  of  the  water.  If,  however,  they  are  left  out 
on  the  trees  until  shriveled,  which  is  proof  that  necessary  evap- 
oration has  already  taken  place,  no  drying  is  needed  after  pick- 
ing. By  artificial  heat,  ranging  from  1 10°  to  130°  F.,  the  dry- 
ing can  be  done  in  less  than  forty-eight  hours.  The  crushing 
and  pressing  should  follow  without  delay ;  that  is,  the  fruit  taken 
from  the  drier  in  the  morning  should  be  crushed  and  pressed 
the  same  day.  To  make  perfect  oil  requires  a  perfect  system 
in  the  whole  management.  The  capacity  of  the  press,  the 
crusher,  the  drier,  and  the  number  of  pickers,  should  corres- 
pond, or  be  about  equal.  All  fruit  picked  during  the  day 
should  be  in  at  night,  cleaned  the  following  morning,  and  go 
into  the  drier  immediately  after  the  previous  day's  drying  is 
taken  out.  The  heat  or  temperature  of  the  drier  ought  to  be 
so  graded  as  to  complete  the  work  in  forty-eight  hours,  and  it 
is  better  that  it  should  be  below  130*^  F.  rather  than  above. 

The  almost  universal  method  of  crushing  the  olives  is  by  a 
heavy  stone  similar  to  a  millstone,  which  is  rolled  around  on 
the  edge  in  a  deep  circular  groove  or  trough,  and  by  its  weight 
does  the  crushing.  A  beam  passing  through  the  eye  of  the 
stone  and  working  on  a  journal  in  the  centre  of  the  circle,  with 
a  horse  attached  to  the  outer  end  of  the  beam,  is  the  simplest 
way  t6  do  the  work.  The  crushed  olives  are  put  in  the  press  in 
cheeses  about  three  feet  square  and  three  inches  thick,  with 
wooden  slats  between  each  cheese.  Ten  or  more  cheeses  can 
be  put  in  at  each  pressing.  Coarse  linen  cloths  are  used  to 
contain  the  olives. 

The  fluid  that  is  expressed  is  put  in  large  tanks  and  left  for 
sixty  to  ninety  days,  when  the  oil  will  separate  and,  being 
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lighter,  will  rise  to  the  top,  where  it  can  be  drawn  off.  The 
pomace  after  the  first  pressing  is  recrushed,  and  by  pouring  hot 
water  over  it  a  second  quality  of  oil  is  expressed.  The  refuse 
can  then  be  used  either  for  fuel,  for  feed  for  pigs,  or  for  making 
still  a  third  quality  of  oil.  If  for  the  latter  it  is  thrown  in  vats» 
boiling  water  poured  over  it  and  left  to  ferment,  when  the  oil 
still  remaining  will  be  liberated  and  rise  to  the  top. 

The  most  common  method  of  filtering  or  clarifying  the  oil  is 
to  have  a  series  of  five  or  six  boxes,  one  above  the  other,  each 
with  cotton  batting  in  the  bottom.  The  oil  passing  the  sixth 
will  be  beautifully  clear  and  ready  for  market.  The  oil  should 
be  kept  in  an  ordinarily  cool  place,  not  exposed  to  sunlight  or 
heat,  neither  should  it  be  handled  more  than  absolutely  neces- 
sary in  the  filtering  and  bottling. 

The  air-dry  cake  contains : 

L  n. 

Oil 10.50  p.  c.  -1 1.82  p.  c 

Organic  substance 7^*S^    "  73<53    " 

protein  substances  therein.  • .  8.60  p.  c.  9.82  p.  c 

Ash 4.12    **  3.90    ** 

Water 8.80    «*  10.75    « 


««  mr\t\  rtr»     *• 


IOO.CO    **  100.00 

The  composition  of  the  ash  of  No.  II.  is  as  follows: 

Potash 27.82  per  cent 

Soda 6.50  «* 

Magnesia 1.38  ** 

Lime 21.62  '* 

Ferric  oxide 7.50  ** 

Chlorine 0.80  *< 

Sulphuric  acid 4.50  **    • 

Sihca 20.85  ** 

PHOSPHORIC  ACID 9.03  " 

100.00      •• 

The  oil  retained  by  the  residue — "sanza  and  buccia" — is 
extracted  with  carbon  disulphide,  the  first  establishment  for 
this  purpose  having  been  started,  in  the  sixties,  in  Puglia  in  the 
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region  of  Bari,  Italy,  which  abounds  with  olive  trees.  At  present 
there  are  20  such  establishments  scattered  throughout  the  pro- 
vinces Bari,  Lecce  and  Calabria,  Italy,  of  which  the  largest  works 
up  750  quintals*  of  sanza  in  24  hours,  five  each  300  quintals 
and  the  rest  100  to  150  quintals  each.  The  annual  production 
of  oil  amounts  to  more  than  3,300  tons. 

In  fall,  during  the  olive  harvest,  the  fresh  sanza  is  brought  to 
the  factories,  where,  in  order  to  keep  it  for  some  time,  it  is  piled 
up  in  large  store*houses  and  pressed  to  a  solid  mass  by  con- 
stant rolling  with  heavy  stone  or  iron  cylinders,  the  latter  being 
filled  with  sand.  The  more  solidly  the  sanza  is  pressed  to- 
gether, the  longer  can  it  be  kept,  the  danger  of  heating  or 
spontaneous  combustion  being  thereby  reduced  to  a  minimum. 

Work  in  the  factories  commences  generally  about  the  middle 
of  November,  and  continues  eight  to  ten  months,  according  to 
the  quantity  of  sanza  on  hand. 

The  absorbing  capacity  of  carbon  disulphide  being  consider- 
ably greater  if  the  material  subjected  to  its  action  is  perfectly 
dry,  the  sanza  is  dried  by  spreading  it  out,  about  six  inches 
deep,  in  the  sun,  and  turning  it  from  time  to  time  with  a 
shovel.  Some  factories  are  provided  with  a  mechanical  drier 
to  allow  of  the  operation  being  carried  on  in  rainy  weather. 
Such  apparatus  consists  of  an  Archimedean  screw  which  forces 
the  sanza  through  conduits  heated  by  steam. 

For  extracting  the  oil  from  the  dry  sanza  the  apparatus, 
shown  in  section  in  Fig.  228,  and  in  upper  view  in  Fig.  229, 
is  used. 

The  extracting  vessel  has  a  capacity  of  742  cubic  feet  and 
holds  27,500  lbs.  of  sanza.  In  the  Daninas  factory  in  Pisa, 
two  such  apparatuses  are  in  use,  and  both  together  yield  at 
each  operation,  lasting  30  hours,  on  an  average  from  5,500  to 
6,000  lbs.  of  oil.  The  principal  constituents  of  the  apparatus 
are:  A  cemented  brick  cistern,  A,  lined  with  lead  for  the  re- 
ception of  the  carbon  disulphide ;   it  is  about  22  feet  long,  6}4 

*  I  quintal  =  100  Kilogrammes  ^s  220  Ibt. 
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feet  wide   and   6  feet  deep;   an  extracting  vessel  5  of  21.000 
quarts  capacity,  a  condenser  C  and  the  distilling  apparatus  D, 
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which  is  about  1 1}4  ^eet  long,  5^  feet  wide,  and,  measured  to 
the  lower  edge  of  the  lid,  16  inches  deep;  when  half  full  it 
holds  about  1,800  quarts  of  fluid. 

Work  with  this  apparatus  is  carried  on  as  follows :  The  cover 
of  the  extracting  vessel  being  opened,  the  dry  sanza  is  intro- 
duced and  rests  upon  the  perforated  bottom  dd^  $}(  inches 
above  the  actual  bottom.  When  the  extractor  is  full,  another 
perforated  bottom  d'  ct  is  placed  on  top  of  the  sanza,  and  the 
cover  hermetically  closed.  The  pumps /i:^  are  then  set  to 
work,  and  the  suction  pipe  hf  draws  carbon  disulphide  from 
the  cistern  A.  The  carbon  disulphide  is  conveyed  below  the 
perforated  bottom  ^^  into  the  extractor  ^,  and  in  ascending 
gradually  penetrates  the  mass  contained  therein.  The  work  of 
the  pumps  is  so  regulated  that  B  is  filled  in  about  eight  hours. 
Extraction  commences  the  moment  the  carbon  disulphide 
comes  in  contact  with  the  sanza.  The  carbon  disulphide 
charged  with  oil  becomes  thereby  specifically  lighter,  and  is 
displaced  by  fresh  carbon  disulphide  flowing  in  from  below. 
When  the  extractor  is  filled,  the  upper  portions  of  the  carbon 
disulphide  are  nearly  saturated  with  oil.  The  oil  solution  is 
then  forced  by  the  pumps  through  the  pipe  a^  entering  imme- 
diately above  the  perforated  bottom  d/y  into  the  distilling  appa- 
ratus Z>.  Upon  the  bottom  of  the  latter  lies  the  steam-coil  dy 
by  means  of  which  the  carbon  disulphide  is  vaporized  in  pro- 
portion as  the  oil  solution  flows  in.  The  vapors  escape  through 
nine  pipes  e'  e'  into  the  large  coil  of  the  condenser  C,  where  they 
are  condensed;  the  condensed  carbon  disulphide  flowing 
through  the  pipe /back  into  the  cistern  A.  The  pumps  A  A  in 
the  meanwhile  continue  at  work,  and  constantly  force  fresh  car- 
bon disulphide  from  below  into  the  extractor  until  the  solution 
running  off  at  a  is  entirely  colorless,  which  can  be  observed  by 
means  of  a  glass  tube  inserted  in  the  end  of  a.  The  sanza  is  as 
a  rule  sufficiently  exhausted  four  hours  after  the  oil  solution 
begins  to  run  off.  By  opening  the  cock  on  the  pipe  blf  the 
entire  quantity  of  carbon  disulphide  in  the  extractor  B  is  then 
allowed  to  run  back  into  the  cistern  A.     The  cock  on  the  pipe 
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bl/  is  then  closed,  and  by  opening  the  cock  on  the  pipe  y di- 
rect steam  is  admitted  below  the  perforated  bottom  d  d,  which 
penetrates  the  sanza  in  the  extractor  B^  and  vaporizes  the  re- 
mainder of  carbon  disulphide.  The  vapors  escape  through  nine 
pipes  e  into  the  principal  coil  in  C,  where  they  are  condensed 
and  consisting  now  partially  of  water  and  partially  of  carban 
disulphide,  run  through  f  into  A,  where,  by  reason  of  their 
different  specific  gravities,  they  are  separated.  When  the  ex- 
hausted sanza  in  the  extractor  B  has  been  sufficiently  steamed, 
the  condensed  water  in  B  is  discharged  through  the  pipe  i.  The 
cover  is  then  removed,  the  exhausted  sanza  thrown  out,  and 
the  operation  commenced  anew.  The  oil  remains  in  the  dis- 
tilling vessel  D,  To  remove  the  last  traces  of  carbon  disul- 
phide tenaciously  retained  by  the  oil,  and  to  regain  them,  direct 
steam  is  blown  into  the  oil.  The  oil  thus  obtained  is  chiefly 
used  in  the  manufacture  of  fine  qualities  of  soap. 

In  more  factories  two  extracting  apparatuses  are  connected 
with  each  other,  and  the  solution  of  fat  from  the  first  extractor 
is  allowed  to  run  directly  into  the  distilling  apparatus  only  so 
long  as  it  is  rich  in  fat.  When  the  carbon  disulphide  in  the 
first  extractor  no  longer  absorbs  much  fat  it  is  forced  into  the 
second  extractor,  in  which  it  ascends  and,  impregnated  with 
oil,  flows  into  the  distilling  apparatus.  In  the  meanwhile  the 
contents  of  the  first  extractor  are  exhausted  when  the  carbon 
disulphide  is  discharged,  and  the  operation  continued  as  above 
described.  The  first  extractor  is  then  refilled  with  fresh  sanza, 
the  weak  oil  solution  forced  from  the  second  extractor  into  the 
first,  etc.,  so  that  the  oil  solution  is  systematically  enriched  be- 
fore being  subjected  to  distillation.  For  distilling  the  carbon 
disulphide  charged  with  oil — which  is  called  miscello — shallow 
stills  are  no  longer  used,  but  a  cylindrical  apparatus,  and  the 
carbon  disulphide  coming  from  the  condenser  is  collected  in  a 
reservoir  suspended  in  a  cistern  filled  with  water  from  which  it 
passes  into  the  extractor. 

The  oil  extracted  with  carbon  disulphide  is  as  a  rule  of  quite 
a  dark  brown  color,  partially  due  to  coloring  matter  dissolved 
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by  the  carbon  disulphide,  and  partially  to  small  quantities  of 
iron.  By  boiling  with  sulphuric  acid  by  means  of  direct  steam 
the  oil,  according  to  Giseke,  acquires  a  mnch  ipaler  color,  be- 
comes perfectly  clear,  and  finally  greenish,  but  is  always  con- 
siderably darker  in  color  than  oil  obtained  by  pressing. 

Olive  oil  obtained  by  extraction  with  carbon  disulphide  differs 
from  expressed  oil  in  being  soluble  in  absolute  alcohol,  as  ^ell 
as  in  alcohol  of  0.830  specific  gravity. 

Olive  oils  are  divided  into  two  principal  varieties. 

I.  Salad  oils  {huile  d' olive  comtnestibles)  which  are  obtained 
only  by  cold  pressing : 

a.  Superfine  table  oil,  virgin  oil  {huile  vierge^  huile  de  Pro- 
vence^ expressed  from  the  choicest  fruit.  It  has  a  greenish- 
yellow,  pale  golden-yellow,  or  pale  yellow  color,  and  a  very 
mild  and  agreeable  flavor.  It  is  produced  chiefly  in  Provence, 
especially  at  Aix  and  Grasse,  France,  further  in  Genoa,  Tuscany 
and  the  Neapolitan  province  Bari,  Italy.  The  annual  output 
amounts  to  about  100,000  quintals.  The  best  oil  is  again  divided 
into  six  qualities,  the  best  being  designated  A  A  and  Ay  and  the 
others  i  to  4. 

b.  Ordinary  table  oils  obtained  from  the  entire  crushed  olives 
of  various  degrees  of  ripeness.     They  are  a  pale  yellow. 

The  principal  varieties  of  table  oil  known  in  commerce  are 
distinguished  by  the  place  of  production.  ^^  Provence  oil''  is 
the  most  highly  esteemed ;  "  Florence  oil,**  "  Lucca  oil,''  and 
"  Genoa  oil"  come  next;  while  "Sicily  oil"  and  '* Spanish  oil" 
are  of  inferior  quality,  the  last  being  the  worst. 

II.  Huile  d' olive  a  fabrique  {fabricated  oils). — Under  this 
name  are  classed  oils  not  fit  for  table  use  and  prepared  in  var- 
ious ways.  They  are  all  turbid,  have  a  disagreeable  odor  and 
taste,  and  require  several  months  for  clarification.  According 
to  the  manner  of  preparation  or  technical  use  they  are  divided 
into: — 

a.  Illuminating  oils  {huiles  lampanteSy  huiles  a  bruler)  also 
called  when  entirely  clarified  and  transparent  huiles  brillantes. 
They  are  obtained  by  hot  pressure,  and  transported  in  leathern 
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pipes  to  Gallipoli,  in  the  Province  of  Lecce,  Italy,  where  they 
are  emptied  into  cisterns  cut  out  of  the  rock  and  allowed  to 
clarify. 

b,  Gorgon  (huiles  de  recense  or  de  ressence).  This  name  is 
given  to  the  oil  obtained  from  the  last  pressure,  with  the  as- 
sistance of  warm  water.  It  has  generally  a  green  color,  dis- 
agreeable odor,  and  is  very  thickly  fluid.  By  standing  the  oil 
separates  into  two  layers,  the  upper  one  of  which  is  clear  and  is 
used  for  machine  oil  and  for  dressing  wool,  while  the  lower 
turbid  layer  is  employed  in  the  manufacture  of  soap. 

c.  Oils  of  the  infernal  regions  {huiles  d'enfer).  Though  the 
press  residues  by  treatment  with  hot  water  yield  a  certain 
quantity  of  oil,  the  tissues  of  the  olives  are  not  completely  ex- 
hausted. By  collecting  the  residues  in  deep  cisterns  half  full 
of  water,  called  in  France  **  enfer^'  a  verj'  inferior  quality  of  oil 
collects  on  the  surface  and  is  skimmed  off.  On  account  of  its 
very  disagreeable  odor  it  is  called  huile  d'enfer.  It  is  used  in 
the  manufacture  of  soap. 

To  the  last  variety  belongs  also  the  fermented  olive  oil  {huile 
tournante)  considerable  quantities  of  which  are  used  in  Turkey 
red  dyeing.  This  oil  is  prepared  from  strongly  fermented  or 
rotten  olives  or  press-residues  in  the  same  state.  It  is  turbid 
from  admixed  mucus  and  parenchyma,  very  acid  from  free 
oleic  acid,  and  generally  of  a  green  color.  When  shaken  with 
potash  or  soda  solution  it  yields  an  emulsion  which  keeps  a 
considerable  time  without  separating.  This  emulsion  is  used  as 
a  white  bath  or  oil-mordant  in  Turkey  red  dyeing.  It  does  not 
possess  the  properties  of  a  soap  solution,  but  in  conjunction 
with  heat,  light  and  air  cleanses  the  fibres  of  the  tissue  and 
renders  them  flexible  in  a  manner  not  yet  thoroughly  under- 
stood. The  tissues  do  not  become  saturated  with  fat,  otherwise 
the  fibre  would  be  incapable  of  taking  the  alumina  mordant 
subsequently  used,  and  the  dye. 

The  Turkey  red  oil  is  frequently  imitated  by  mixing  lOO 
parts  of  rape-seed  oil  or  olive  oil  with  lO  to  20  parts  of  oleic 
acid. 
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For  purifying  and  refining  olive  oil  of  inferior  quality, 
Seidel  uses  a  vat  with  conical  bottom,  furnished  with  a  steam- 
coil.  About  3  to  4  inches  above  the  bottom  is  a  cock  for  the 
discharge  of  the  impurities,  and  about  3  to  4  inches  above  the 
level  of  this  cock  another  one  for  the  discharge  of  the  oil. 
The  vat  holds  about  20  cwt.  of  oil  and  rests  upon  a  stone 
foundation.  Alongside  of  it,  arranged  in  the  form  of  steps, 
stand  5  to  6  clarifying  vessels  supported  by  a  strong  wooden 
frame.  These  clarifying  tanks,  which  may  also  be  constructed 
of  tin-plate,  are  cylindrical,  provided  about  ^  to  i  inch  above 
the  actual  bottom  with  a  perforated  sieve-like  bottom,  and 
above  the  latter  with  a  helmet.  Upon  the  perforated  bottom 
is  placed  a  layer  of  cotton  or  better  of  glass-wool,  the  latter 
deserving  the  preference,  because  it  can  be  used  for  years. 
For  every  50  lbs.  of  oil  to  be  purified  5  to  7.5  lbs.  of  water  are 
added.  The  oil  is  next  boiled  by  means  of  steam  for  2  or  3 
hours,  and  then  allowed  to  repose  for  14  hours,  when  the  water 
will  have  settled  at  the  bottom.  The  cock  is  then  opened  and 
the  oil  discharged  into  the  first  clarifying  tank;  when  this  is 
full,  the  contents  are  discharged  into  the  second  clarifying 
tank,  from  the  latter  into  the  third,  and  so  on.  From  the  last 
clarifying  tank  the  oil  comes  clear  and  bright. 

The  elementary  composition  of  olive  oil  is : — 

Carbon  77<^20  per  cent. 

Hydrogen 1 1.30        *< 

Oxygen 1 1.50        ** 

100.00        " 

It  consists  principally  of  triolein,  about  72  per  cent.,  palmitin 
andarachin,     ^    ^  r^H     \   Oj,  the  glyceride  of  arachinic  acid, 

and  very  little  stearin.     It  also  contains  cholesterin  CfJii^S^, 
which  up  to  the  year  1862  was  only  known  to  exist  in  the  ani- 
mal body,  where  it  forms  an  important  constituent  of  the  gall, 
the  blood-corpuscles,  and  the  nerve  substance. 
The  green  color  of  olive  oils  is  due  to  chlorophyl. 


So8 
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Pure  olive  oil  is  almost  inodorous  and  has  a  peculiarly  mild 
taste.     It  soon  becomes  rancid.     Its  specific  gravity  is: — 


0.9208  at 50°  F. 

0.9192  at 53.5 

0.9177  •t 59 

o.9«59*t 63.5 


0.9143  at 68^  F. 

0.9109  at 77 

0.8932  at 122 

0.8625  *^ 201 


The  oil  becomes  turbid  at  39^  to  41°  F.,  and  separates  white 
crystalline  grains  of  palmitin.  At  35.5^  F.  it  assumes  the  con- 
sistency of  butter,  and  completely  solidifies  below  32°  F. 

The  low  grades  of  hot-pressed  oil  are  richer  in  palmitin,  be- 
come sooner  turbid,  and  solidify  at  41^  to  43^  F.,  some  even 
at  50°  F.  Their  specific  gravity  varies  from  0.916  to  0.920  at 
59°  F.,  being  sometimes  even  0.925. 

When  heated  these  oils  have  the  peculiarity  of  becoming^ 
paler  at  248^  F.,  and  almost  colorless  at  428^  F.,  but  on  coolings 
they  regain  their  original  color.  Their  apparent  boiling  point 
is  at  599°  F.,  but  rises  with  constant  decomposition  of  the  oil. 

The  oil  is  very  sparingly  soluble  in  alcohol,  while  5  parts  of 
ether  dissolve  3  parts  of  oil,  and  the  same  quantity  of  acetone 
only  I  part.  With  chloroform,  benzol,  and  carbon  disulphide 
it  is  miscible  in  all  proportions. 

Nitric  acid  of  1.20  specific  gravity  colors  the  bright  salad 
oils  pale  greenish  to  green,  and  the  poorer  qualities  dark  grass 
green,  which  in  the  course  of  a  few  hours  passes  into  a  brown- 
ish color. 

By  adding  to  the  mixture  of  oil  and  nitric  acid,  starch  or 
copper  filings  for  the  development  of  nitrous  acid,  the  salad 
oils  solidify  in  one  to  two  hours  into  a  white  granular  mass,  and 
the  other  oils  into  a  yellowish-white  to  yellowish-brown  mass. 

Fuming  nitric  acid  forms  on  the  point  of  contact  a  quite 
wide,  pale  blue-green  zone.  Three  parts  of  the  acid  diluted 
with  2  parts  of  water  solidify  15  parts  of  oil  in  one  to  two 
hours. 

Oil  exposed  to  the  sunlight  for  two  to  three  months  is  acid, 
and,  on  treating  with  nitrous  acid,  does  not  yield  elaidin. 
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Sulphuric  acid  of  1.50  to  1.60  specific  gravity  gives  pale 
greenish  colorations,  which,  later  on,  pass  into  brownish ;  acid 
of  1.84  specific  gravity,  green  colorations,  which  soon  pass, 
first  into  gray  brown  and  then  into  dirty  brown. 

A  mixture  of  equal  parts  of  sulphuric  and  nitric  acid  pro- 
duces, in  salad  oils,  a  very  slight  green  color,  and  in  the  other 
oils  a  green  color  which  becomes  paler  after  standing.  The 
mixture,  according  to  the  oil,  separates  into  a  turbid  layer  of 
oil  and  a  clear  layer  of  acid  mixture  of  a  slightly  yellow-brown- 
ish color. 

If  glacial  acetic  acid  be  heated  with  equal  parts  of  olive  oil 
and  the  mixture  heated,  the  latter  with  green  olive  oil  be- 
comes clear  at  above  185°  F.;  with  yellow  olive  oil,  however, 
only  above  230°  F. 

Solution  of  nitrate  of  silver  has  no  eflfect  upon  olive  oils. 

Of  iodine  up  to  44  per  cent,  is  dissolved  by  olive  oil. 

Zinc  chloride  gives,  with  salad  oils,  a  very  slight  rose  color ; 
with  other  oils  a  greenish  color. 

Five  parts  of  potash  lye  or  ammonia  shaken  with  one  part  of 
oil  give  nearly  snow-white  liniments. 

OHve  oils,  on  account  of  their  high  price,  are  very  much 
subject  to  adulteration. 

For  a  general  test  of  salad  oils,  adulterations  can,  with  some 
experience,  be  readily  detected  by  taste  and  odor,  especially  an 
addition  of  peanut  oil,  which  imparts  a  peculiar  bean-Iike  taste. 
Walnut  oil  and  poppy-seed  oil  also  give  to  olive  oil  a  peculiar 
taste,  readily  recognized.  The  presence  of  the  last-mentioned 
oil  may  also  be  established  in  a  rather  primitive  manner  as  fol- 
lows: 

Pure  olive  oil  when  vigorously  shaken  becomes  covered 
with  small  bubbles  which  rapidly  disappear ;  in  the  presence  of 
poppy-seed  oil  the  bubbles  are  larger,  coherent  and  remain  for 
a  long  time. 

Serra  Carpi  has  proposed  a  peculiar  method  of  testing  olive 
oil  for  an  admixture  of  foreign  oils,  the  practical  utilization  of 
.which  is,  however,  rather  difficult.     A  sample  of  the  oil  to  be 
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tested  is  laid  for  three  hours  in  a  freezing  mixture  (ice  and 
salt)  of  -4^  F.  The  solidity  of  the  frozen  oil  is  then  tested 
with  a  cylindrical  iron  rod  two  millimeters  in  diameter  and  one 
centimeter  long  and  provided  with  a  conical  point.  This  iron 
rod  is  loaded  with  weights  until  it  sinks  entirely  into  the  frozen 
mass,  the  result  being  expressed  in  grammes.  With  the  best 
qualities  of  olive  oil  this  pressure  amounts  1 700  grammes,  with 
other  qualities  to  less,  but  always  to  over  1000  grammes;  with 
cotton  seed  oil  it  amounts  only  to  25  grammes.  If  olive  oil  be 
added  to  the  latter,  the  hardness  increases  the  more  rapidly 
and  to  a  greater  extent,  the  more  closely  the  mixture  ap- 
proaches pure  olive  oil.  For  mixtures  of  these  two  oils  Carpi 
has  constructed  a  scale  of  hardness  by  which,  when  the  hardness 
of  the  variety  of  olive  oil  used  in  the  mixture  is  known,  a  con- 
clusion may  be  drawn  from  the  determined  hardness  as  to 
the  quantity  of  cotton-seed  oil  added. 

The  electrical  conductivity  of  olive  oil  being  much  lower  than 
that  of  all  other  vegetable  oils — according  to  Rousseau  675 
times  lower  than  that  of  the  worst  conducting  oil — ^by  testing  it 
an  accurate  conclusion  may  be  drawn  as  to  the  purity  of  the 
oil.  Palmieri  has  constructed  for  this  purpose  a  special  appar- 
atus, which  he  calls  the  " diagometer"  It  consists  of  a  dry  gal- 
vanic pile,  one  conducting  wire  of  which  dips  into  a  small  me- 
tallic dish  containing  the  oil,  and  communicates  with  the  pivot 
of  a  magnetic  needle,  while  the  other  conducting  wire  is  in 
contact  with  the  earth.  The  electrical  conductivity  of  the  oil  is 
calculated  from  the  arc  the  needle  traverses  in  a  circle  on  a 
glass  bell  covering  it,  and  determined  by  the  time  the  needle 
requires  for  attaining  its  greatest  deviation.  The  smallest  ad- 
dition of  other  oils  increases  the  electrical  conductivity  of  olive 
oil,  it  being,  for  instance,  increased  fourfold  by  the  addition  of 
2  drops  of  poppy  seed  oil  to  5  grammes  of  olive  oil.  The  ap- 
paratus, however,  is  expensive  and  not  easy  of  manipulation ; 
furthermore,  besides  adulterations,  olive  oil  is  subject  to  alter- 
ations which  render  the  results  of  the  test  unreliable. 

For  the  same  reason,  that  olive  oil  is  subject  to  alterations. 
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no  reliable  results  are  obtained  by  spectroscopic  examinations. 
It  may  only  be  mentioned  that  olive  oil  shows  in  blue  and  violet 
a  deep  shade  with  a  scarcely  perceptible  line  into  green,  and 
possesses  a  very  slight  ribbon  in  orange  and  a  very  strong  dark 
ribbon  in  red.  Refined  cotton  seed  oil  shows  in  blue  and 
violet  no  difference  from  olive  oil,  while  the  spectrum  in  green 
and  red  is  continuous  and  the  last  two  ribbons  are  wanting. 

The  absorption-ribbons  do  not  belong  to  olive  oil,  but  are 
characteristic  of  the  chlorophyl  spectrum,  they  being  not  pro- 
duced by  bleached  olive  oil. 

Although  the  elaidin  and  nitric  acid  tests  furnish,  according 
to  the  extensive  investigations  of  E.  Dieterich,  excellent  guid- 
ing points  for  judging  olive  oil,  reliable  results  can  only  be  ob- 
tained by  exact  quantitative  examinations  (iodine  number, 
saponification  number,  etc.),  all  other  qualitative  methods  of 
testing  yielding  more  or  less  uncertain  results.  The  iodine 
number  is  an  excellent  means  for  recognizing  pure  olive  oil, 
all  oils  used  for  adulteration  showing  higher  iodine  numbers. 

Saponification  number  of  the  oil :  table  oil 190-193 

"  "  «         technical  oil 186-188 

Iodine  number  of  the  oU :  table  oil 82-  83 

*'  "  technical  oil 82 

Fusing  point  of  the  fatty  acids 80^-82.4^  F. 

Solidifying  point  of  the  fatty  acids 71^-71.6^  F. 

Nitric  acid  colors  olive  oil  only  greenish ;  if  peanut  oil  be 
present  it  becomes  reddish,  in  the  presence  of  sesame  oil, 
orange,  and  in  that  of  cotton-seed  oil,  brownish. 

The  presence  of  sesame  oil  in  olive  oil,  and  in  all  other  oils, 
is  indicated  by  the  following  method ;  Shake  equal  parts  of 
hydrochloric  acid  and  a  small  piece  of  cane  sugar  with  the  oil. 
If,  after  standing,  a  red  color  is  developed,  sesame  oil  is  pres- 
ent, the  quantity  being  approximately  estimated  by  the  in- 
tensity of  the  color.  Levantine  sesame  oil  shows  the  reaction 
somewhat  stronger  than  the  Indian  variety. 

A  mixture  of  nitric  and  sulphuric  acids  has,  as  stated  above, 
very  little  effect  upon  olive  oil,  but  in  the  presence  of  foreign 
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oils  it  becomes  colored  at  once,  an  adulteration  with  sesame 
oil  showing  a  transitory  bluish  green  coloring,  with  peanut  oil 
a  reddish-brown,  and  with  sunflower  oil  a  reddish-yellow,  after 
some  time. 

The  presence  of  cotton-seed  oil  is  recognized  by  a  purple  color 
on  treating  with  sulphuric  acid. 

In  Portugal  olive  oil  is  extensively  adulterated  with  oil  from 
Jatropha  curcas — purgir  nut  oil — p.  439.  Such  adulteration, 
up  to  ID  per  cent,  may  be  detected  if,  by  treating  the  oil  in 
question  with  copper  and  nitric  acid,  the  layer  of  oil  after  some 
time  acquires  an  intense  red-brown  coloration.  The  presence 
of  rape  oils,  which  are  used  only  for  the  adulteration  of  inferior 
qualities  of  olive  oil,  is  detected  by  the  silver  test  or  by  boiling 
with  lead  plaster,  p.  479,  and  by  the  black  coloration. 

In  the  Paris  Municipal  Laboratory  the  "  Areomctre  thermique  " 
constructed  by  Langlet  is  used  for  the  examination  of  olive  oil. 
The  instrument  is  so  constructed  that  with  pure  olive  oil  the 
statements  of  the  spindle  and  of  the  thermometer  in  the  interior 
of  the  instrument  agree  at  every  temperature.  The  statements, 
however,  differ  one  from  another  if  the  oil  is  adulterated.  By 
these  means  small  additions  of  sesame,  cotton  seed,  poppy 
seed  or  hemp  seed  oils  may  be  recognized ;  but  on  the  other 
hand,  considerable  adulterations  with  peanut  oil  and  rape  seed 
oil  may  be  overlooked.  With  pure  olive  oil  the  error  of  the  in- 
strument, I.  e.f  the  difference  between  the  statements  of  the 
thermometer  and  of  the  spindle,  is  at  the  utmost  i  degree,,  but 
is  generally  below  0.5  degree. 

Some  examples  of  the  statements  with  pure  oil  and  mixtures 
arc  as  follows : 
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Peanut  oil 

Cottonseed  oQ 

75  parts  otive  oil,  25  cottonseed  oil 
07     *•  "        33         "  " 

75      *'  "        25  sesami  oil  . . . 

67     "  **        33         ** 

75      "  "        25  colza  oil 

75      "  "        25  peanut  oiL  . . . 

67      ••  "        33         " 

52     "  "48         " 


Thermometer. 

Spindle. 

18.90  C. 

1 1.0 

degrees. 

18.9  " 

10.5 

it 

18.1   ** 

16.1 

u 

18.6  " 

15.8 

u 

18.3  " 

16.5 

M 

18.6  " 

16.1 

M 

18.3  " 

18.5 

M 

18.1   « 

17.2 

« 

18.7  " 

17.5 

»l 

18.7  " 

174 

M 

Under  the  name  of  Malaga  oil,  oils  sometimes  colored  green 
with  verdigris  occur  in  commerce.  The  content  of  copper  may, 
according  to  Cailletet,  be  detected  by  dissolving  o.i  gramme 
pyrogallic  acid  in  5  cubic  centimetres  ether,  and  shaking  the 
solution  with  10  cubic  centimetres  of  oil.  The  mixture  acquires 
a  brown  color  and  separates  pyrogallate  of  copper.  Oils  free 
from  copper  neither  turn  brown  nor  become  turbid. 

In  testing  olive  oil  rancidity  and  the  degree  of  acid  have  also 
to  be  taken  into  consideration,  and'  for  the  latter  purpose 
Burstyn's  apparatus  remains  to  be  mentioned.  The  instrument 
indicates  in  degrees  the  content  of  free  fatty  acid  in  an  alcoholic 
fatty  acid  solution.  To  obtain  this  fatty  acid  solution,  vigor- 
ously shake  in  a  tall  glass  cylinder  a  hundred  cubic  centimetres 
each  of  88  to  90  per  cent,  alcohol  and  oil,  allow  the  mixture  to 
repose  for  some  time  until  the  alcohol  has  entirely  separated 
from  the  oil ;  the  alcohol  has  then  taken  up  the  oleic  acid  as 
well  as  the  other  fatty  acids.  Now  determine  with  the  instru- 
ment, which  is  actually  an  areometer  graduated  into  50 
degrees,  first  the  gravity  of  the  pure  alcohol  and  then  the 
gravity  of  the  alcohol  containing  the  fatty  acids.  From  the 
difference  in  the  specific  gravities  the  content  of  acid  can  then 
be  determined  with  the  assistance  of  a  table  accompanying  the 
instrument.  One  Burstyn  degree  of  oleic  acid  »=  i  cubic 
centimetre  of  normal  hydrychloric  or  normal  oxalic  acid,  and 
consequently  corresponds  also  to  one  cubic  centimeter  of  nor- 
voL.  1—33 
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mal  alkali  solution,  and  the  latter  again  to  0.28  per  cent,  oleic 
acid. 

Although  absolutely  accurate  results  are  not  obtained  with 
Burstyn's  instrument  since  all  the  oleic  acid  is  not  extracted  by 
the  alcohol,  portions  being  retained  by  the  oil,  and,  on  the 
other  hand,  a  portion  of  the  oil  passes  into  solution,  it  is 
nevertheless  of  practical  value  on  account  of  its  simple  manip- 
ulation. 

It  may  be  remarked  that  the  olive  oils  occurring  in  com- 
merce show  from  0.4  to  1 2  and  more  degrees  of  acidity,  the 
first  being  salad  oils  and  the  latter  oils  for  technical  purposes. 

According  to  experience,  oils  with  from  4  to  6  degrees  of 
acidity  may  very  well  be  used  as  machine  oils.  Oils  showing 
a  higher  degree  of  acidity  may  be  used  for  rough  bearing^,  but 
only  when  iron  runs  upon  iron,  and  neither  zinc,  copper,  lead, 
antimony  nor  alloys  of  these  metals  form  constituent  parts  of  the 
bearing.  For  finer  machinery  the  oil  should  not  show  more 
than  one,  or  at  the  utmost  two,  degrees  of  acidity. 

BechVs  test.  This  test  is  considered  as  very  specific  for  dis- 
covering the  presence  of  cotton  seed  oil,  when  mixed  with 
olive  oil.     It  is  carried  out  as  follows: 

Prepare  two  solutions,  viz. : 

Nitrate  of  tilycr  in  crystals i  gramme. 

Kthylic  alcohol  of  98  degrees aoo  cubic  centimeteis. 

Ethylicether  40     **  « 

Nitric  acid  (HNO,) 0.1  gramme. 

N     2     /  Amylic  alcohol 100  cubic  centimeters. 

I  Colza  oil 15     •*  " 

ID  c.c.  of  the  silver  solution  No.  i,  and  loc.c.  of  the  solution 
No.  2  are  placed  in  a  test  tube  and  well  agitated.  Half  of  this 
mixture  is  poured  into  another  test  tube,  and  kept  as  a  standard 
for  comparison.  The  first  tube  is  then  heated  in  a  boiling 
water  bath,  for  a  quarter  of  an  hour,  and  then  the  color  indica- 
tions are  observed.  Pure  olive  oil  should  not  take  a  brown 
color,  but  cotton-seed  oil  and  mixtures  of  it  with  olive  oil  rap- 
idly change  to  a  red-brown,  more  or  less  dark. 


No.  I. 
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Attention  must  be  called  to  some  precautions  to  be  taken  in 
order  that  the  results  may  not  be  uncertain.  The  alcohol  and 
ether  employed  in  making  solution  No.  i  must  be  chemically 
pure ;  the  colza  oil  which  enters  into  solution  No.  2  must  be 
previously  Altered  two  or  three  times  through  paper,  in  a  water- 
stove  at  boiling  point. 

10  c.c.  of  solution  No.  2  heated  for  a  quarter  of  an  hour  in  a 
water-stove  at  boiling  point,  together  with  i  c.c.  of  solution  No. 
I,  should  retain  their  natural  color. 

The  olive  oil  to  be  examined  should  be  filtered  through  paper 
once,  and  in  some  cases  even  twice,  in  a  water- stove  at  boiling 
point ;  because  at  times  even  perfectly  pure  olive  oils  will  take 
a  light-brownish  tint  under  the  test  when  not  properly  filtered ; 
but  this  does  not  occur  when  they  have  been  filtered  in  a  hot 
water-stove.  On  the  contrary  cotton-seed  oil  and  mixtures  of 
it  with  olive  oil  retain  the  property  of  turning  brown  under  the 
test  even  after  the  hot  filtration. 

Above  all  it  is  necessary  to  bear  in  mind  that  cotton-seed  oil 
and  mixtures  of  it  with  olive  oil  will  rapidly  assume  a  brown 
color  when  heated  in  contact  with  this  reagent,  viz.,  after  a  few 
moment's  interval ;  while  pure  olive  oils,  which  also  occasion- 
ally turn  slightly  brown  under  this  test  before  filtration,  only 
do  this  after  being  heated  for  about  a  quarter  of  an  hour  in  a 
hot  water-stove  as  described. 

Brulli^s  tests,  Mr.  Brulle,  the  director  of  the  Agricultural 
Station  at  Nice,  has  perfected  two  methods  of  proving  the 
purity  of  olive  oils  as  well  as  the  quantity  and  kind  of  oil  used 
in  adulteration. 

I.  In  a  porcelain  capsule  10  cubic  centimeters  of  oil  are 
treated  together  with  0.5  cc.  of  fuming  nitric  acid;  it  is 
shaken  while  heat  is  applied  till  a  froth  appears,  then  5  cc. 
are  added  of  an  alcoholic  solution  of  nitrate  of  silver  (25 
per  thousand  in  alcohol  of  90^)  and  the  application  of  heat  is 
continued  until  the  nitrate  is  decomposed  and  deposits  metallic 
silver;  this  occurs  at  about  1 15^  C.  (239°  F.).  Continuing  the 
application  of  heat,  the  metallic  hues   which  appear   on   the 
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walls  of  the  capsule,  when  it  is  inclined  and  the  oil  flows  to  the 
opposite  side,  and  the  tints  upon  the  surface  of  the  liquid,  are 
observed.  The  color  indications  which,  according  to  BruUe, 
are  produced  by  different  oils  are  as  follows : 


Name  of  oil. 


OU  of  OUvc*. 

"  "  Cotton  seed. 

••  "  ScMim6. 

•«  "  Peanut. 

«*  •*  Poppy  seed. 

•*  "  Camelina. 

"  "  Linseed. 

"  "  Rapeseed. 


I 


Surface  of  the  oil 


Walk  of  Capsule. 


Olive  green. 
Green. 

Chrome  green. 
Greenish  yellow. 
Olive  green. 
Persian  lake. 
Dragon's  blood. 
Persian  lake. 


Green. 
Ash  color. 
Blue. 

Emerald  green. 
Greenish  blue. 
Light  blue. 
Emerald  green. 
Cjrprus  green. 


If  the  oils  are  saponified  and  then  treated  in  the  foregoing 
manner,  different  color  indications  to  the  above  are  obtained 
for  the  various  kinds  of  oil. 

For  this  purpose  20  grammes  of  an  alcoholic  preparation  of 
caustic  potash  is  dissolved  in  a  larger  quantity  of  90  per  cent, 
alcohol,  not,  however,  exceeding  100  cubic  centimeters.  Add 
20  cubic  centimeters  of  this  solution  in  a  test-tube  to  10  cubic 
centimeters  of  the  oil  to  be  tested,  shake  thoroughly,  and  heat 
in  a  water-bath  to  197''  F.,  leaving  it  in  the  water  20  minutes. 
Empty  the  contents  of  the  tube  into  a  porcelain  capsule  hold- 
ing say  half  liter ;  fill  it  with  boiling  water,  adding  50  cubic 
centimeters  of  a  20  per  cent,  solution  of  sulphuric  acid. 

After  shaking  decant  the  acidulated  water,  again  add  boiling 
water  until,  after  several  decantations,  the  last  traces  of  sul- 
phuric acid  have  gone. 

Treat  the  oil  thus  obtained  by  the  first  operation  to  get  a 
different  set  of  colors  as  per  the  following  table : 
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« ▼                             ^         •• 

Colors  (saponified). 

Name  of  oil. 

Surface  of  the  oil. 

Walls  of  capsule. 

Olive. 
Cotton. 
Sesam^. 
Peanut. 
Poppy  seed. 
Camelina. 
Linseed. 
Rape  seed. 

Cyprus  green. 
Cobalt  violet. 
Cobalt  violet 
Light  violet. 
Blue. 
Blue. 
Green. 
Ultramarine  blue. 

Orange  of  Mars. 
Sienna. 

Golden  yellow. 
Persian  lake. 
Golden  ochre. 
Dark  chrome. 
!  Black. 

Burnt  carmine. 

1 

In  these  tables  the  names  of  colors  are  those  of  water  colors 
which  are  the  same  everywhere. 

II.  In  an  assay-tube  are  mixed  lO  cubic  centimeters  of  oil 
with  5  cubic  centimeters  of  a  solution  of  25  per  thousand  of 
nitrate  of  silver  in  alcohol  of  90^,  and  it  is  heated  (standing 
in  a  glass  vessel)  in  a  water-bath  for  half  an  hour.  The  color 
indications  which  occur  are  observed. 

Olive  oil  more  or  less  rapidly  changes  to  a  fine  green, 
which  is  of  a  lighter  shade  in  the  case  of  the  finer  qualities. 
Cotton  seed  oil  turns  black. 

Peanut  oil  becomes  first  red  brown,  then  green,  and  loses  its 
clearness.  Sesame  oil  becomes  a  deep  red.  Colza  oil,  first 
black,  then  a  dirty  green.  Linseed  oil  turns  reddish.  Poppy 
seed  oil  of  a  black-green. 

Olive  oil  is  extensively  used,  not  only  as  a  salad  oil,  for 
lubricating  purposes  and  in  the  manufacture  of  soap,  but  also 
as  a  lamp-oil,  it  having  the  advantage  of  burning  well  and 
without  soot,  but  also  the  disadvantage  of  being  consumed 
more  rapfdly  than  any  other  oil.  It  is  further  employed  in 
pharmacy,  in  the  preparation  of  perfumes,  and  as  an  oil  for 
freeing  wool  from  fat.  Its  use  as  a  Turkey  red  oil  has  already 
been  mentioned. 

Of  the  salad  oils,  the  finest  qualities  come  from  Southern 
France,  while  South  Italy  furnishes  the  greater  quantity  of  in- 
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ferior  table  oils.  Olive  oils  for  technical  purposes  (fabricated 
oils)  are  produced  in  Calabria  and  Puglia»  Italy,  on  a  large  scale 
in  Greece  and  the  Levant,  and  recently,  also,  in  Northern  Africa 
and  in  Spain. 

The  principal  trading  places  for  salad  oil  are  Livorno  and 
Bari,  Italy,  and,  to  a  limited  extent,  Nice.  The  Italian  fabricated 
oils  are  mostly  shipped  from  Lecce  in  Calabria,  the  Levantine 
oils  from  Smyrna,  and  the  Spanish  oils  from  Barcelona  and 
Malaga. 

France  produces  annually  about  250,000  hectoliters*  of  olive 
oil,  imports  about  22,000  tons,  and  exports  about  2,500  tons. 

2.  Oleo  ferruginea^  Royle'=  Oleo  cuspidata^  Wall.,  a  medium- 
sized,  thornless  tree  of  Asia,  the  black  drupes  of  which  are  ex- 
tracted in  Afghanistan,  Belloochistan,  on  the  Himalaya,  and  in 
Punjab.     The  oil  possesses  the  properties  of  ordinary  olive  oil. 

{Cuptilifera  Ametaceae.) 

I.  Beech-nut  oil  {oleum  fagi  sylvaticae;  Buchecker'dl^G,\ 
huile  de  faines  or  huile  de  fruits  du  hitre,  F. )  is  extracted  by 
cold  or  hot  pressure  from  the  fruits  of  Fagus  sylvatica^  Linn. 
The  preparation  of  the  oil  pays  only  in  the  neighborhood  of 
large  beech  forests,  for  instance,  in  Thuringia,  Hanover,  on  the 
Rhine,  and  in  Northern  France. 

The  press-cake  is  used  for  fattening  fowl  and  hogs;  upon 
ruminating  animals  they  are  said  to  have  a  narcotic  effect 

Shelled  Beech  nut 

beech  nuts.  cake. 

Oil 21.26  p.  c.  7.50  p.  c. 

Organic  substance 64.12    **  74-74    ** 

Albuminous    substances 

therein  • 24.00  p.  c.  3^15  P*  c. 

Ash 4.12    "  5.63    •• 

Moisture 10.50    *'  1 2.13    ** 


100.00  p.  c.  100.00  p.  c. 

*  One  hectoliter  ^  22.0096  gallons. 
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Beech-nut  oil  is  a  clear  oil  of  a  pale  yellow  color,  and,  when 
fresh  and  cold  drawn,  has  a  mild  taste ;  but  that  obtained  by 
hot  pressure  has  a  somewhat  acrid  taste,  which,  however,  dimin- 
ishes by  age,  or  direct  shaking  with  cold  water.  It  is  one  of 
the  few  oils  which  keep  well.  It  has  a  specific  gravity  of  0.9225 
at  59^  F.,  and  at  this  temperature  is  17.5  times  more  thickly- 
fluid  than  water.  As  it  chiefly  consists  of  olein,  with  very  little 
stearin  and  palmitin,  it  only  solidifies  at  from  2^  to  0.5^  F. 
The  nuts  yield  on  an  average  16  per  cent,  of  oil. 

As  the  annual  production  of  oil  is  limited,  adulterations  of  it 
are  by  no  means  uncommon.  According  to  Henry  Mayet,  it 
is  particularly  distinguished  by  the  color  reactions  produced 
by  adding  10  parts  of  a  mixture  of  equal  parts  of  sulphuric  and 
nitric  acids  to  10  parts  of  the  oil.  At  the  point  of  contact  of 
the  two  liquids  a  currant-red  color  appears  in  the  case  of  beech- 
nut oil ;  the  color  is  orange  with  oil  of  poppies,  lemon  yellow 
with  oil  of  sesame  or  of  peanuts,  and  no  coloration  is  produced 
with  olive  oil.  On  shaking  the  mixture  it  does  not  change  with 
beech-nut  oil,  but  with  oil  of  poppies  it  becomes  orange-yellow, 
and  brown  with  oil  of  sesame  or  peanuts.  On  gradually  adding 
I  part  of  sulphuric  acid  and  i  part  of  hydrochloric  acid  to  5 
parts  of  the  oil,  an  olive-green  color  is  produced  with  beech- 
nut or  olive  oil,  a  chestnut-brown  color  with  oil  of  peanuts,  and 
a  dirty  gray  color  with  oil  of  poppies  or  of  sesame. 

Nitric  acid  colors  the  oil  only  yellowish,  fuming  nitric  acid 
yellow-red ;  the  oil,  as  with  the  claidin  test,  separating  claidin 
only  in  twenty-four  hours. 

Sulphuric  acid  colors  the  oil  yellowish,  then  red  to  dark-red ; 
the  latter  color  is,  however,  not  durable. 

Zinc  chloride  calls  forth  a  characteristic  flesh  color,  the  oil 
thickening  at  the  same  time. 

Sftponification  number  of  the  oil 196.25 

Iodine  number  of  the  oil 109.00 

Iodine  number  of  the  fatty  acids 94.6 

Beech-nut  oil  is  used  for  edible  and  culinary  purposes,  and 
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also  as  lamp  oil.  It  saponifies  readily,  yielding  a  quite  soft 
soap,  which  on  exposure  to  the  air  becomes  yellowish  and 
finally  greenish. 

2.  Hazel-nut  oil  {oleum  ave liana  nucum  or  oleum  caryli 
avellana  ;  Haselnussbl^  G. ;  huile  de  noisettes  or  huile  d'avellines^ 
F.)  from  the  nuts  of  Corylus  avellana,  Linn.,  the  hazel-nut. 
The  nuts  contain  50  to  60  per  cent,  of  oil : 

Oil 58.82  per  cent 

Organic  substances ■ 27.63        ** 

nitrogen  therein. 3.20  per  cent. 

Ash 3.10 

Water 10.45 


100.00 


The  nuts  are  pressed  cold  and  warm,  the  oil  obtained  by- 
cold  pressure  resembling  in  its  general  properties  almond  oil. 

The  oil  extracted  with  ether  differs  from  the  expressed  oil 
in  color  and  consistency.  It  is  greenish-yellow,  limpid,  and  of 
an  agreeable  aromatic  odor  and  taste.  The  yield  amounts  to 
about  63.5  per  cent,  and  the  specific  gravity  at  59°  F.  is 
0.9146.  Iodine  number  of  the  extracted  oil  88.5;  saponifica- 
tion number  193.4;  acid  number  3.2. 

Expressed  hazel-nut  oil  is  a  pale  yellow,  clear,  inodorous,  of 
a  mild  and  agreeable  taste  and  has  a  specific  gravity  of  0.928. 
It  is  quite  thickly-fluid,  being  at  59°  F.  18.4  times  more  thickly- 
fluid  than  water  and  at  45.5^  F.  24.2  times  more  so.  It  solid- 
ifies at  1.4°  to  0.4°  F.,  and  contains  besides  olein  the  glycer- 
ides  of  stearic  and  palmitic  acid,  and  very  little  arachidic  acid. 
Like  almond  oil  it  very  soon  becomes  rancid. 

Nitric  acid  containing  some  nitrous  acid,  has  first  a  bleaching 
effect  and  then  colors  the  oil  greenish.  Treated  with  some  di- 
luted fuming  acid,  the  mixture  assumes  a  transitory  blue-green 
color  (which  is  very  characteristic)^  and  in  two  to  three  hours 
solidifies  to  a  yellow  mass. 

Sulphuric  acid  produces  a  pale  blue-green  color  which 
quickly  passes  into  gray.     A  mixture  of  equal  volumes  of  sul- 
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phuric  and  nitric  acids  causes  a  peculiar  dirty  pale  brownish 
color. 

Zinc  chloride  produces  at  first  no  change  in  color ;  later  on, 
gray-green. 

The  presence  of  hazel-nut  oil  in  almond  oil,  for  the  adultera- 
tion of  which  it  is  frequently  used,  can  be  readily  detected  by 
the  reactions  of  sulphuric  and  nitric  acids. 

Cold-drawn  hazel-nut  oil  is  used  as  a  table  oil  and  in  the 
manufacture  of  perfumery,  and  the  oil  extracted  by  hot  ex- 
pression as  lamp  oil,  machine  oil,  and  in  the  manufacture  of 
soap. 

3.  Corylus  colurnay  Linn.,  occurs  in  Turkey,  Asia  Minor,  and 
the  Himalayas.  The  nuts  yield  an  oil  closely  resembling  the 
above. 

Graminea  {Glumacea). 

I.  Maize  oil  {oleum  sea  mais — Maisdl,  G.,  huile  de  tnais,  F.) 
from  Zea  maiSy  Linn.,  the  maize  or  Indian  corn.  Of  all  varieties 
of  grain  maize  is  richest  in  oil,  containing  6  to  8  per  cent. 

Oil 6.25  p.  c.  7.60  p.  c. 

Organic  substances.'....  82.93    ''  80.76    " 

starch  therein 61.95  p.  c.  62.23  P<  c- 

albuminous  substances 

therein 10.71     **  9.62    " 

Ash 1.32    "  1.04    " 

Water 9.50    "  10.60    •• 

100.00    "  100.00    " 

The  oil  is  not  obtained  by  direct  expression,  but  as  a  by- 
product in  breweries  and  distilleries.  Nearly  all  the  fat  is  con- 
tained in  the  germs  of  the  malted  article,  and  to  make  the  lat- 
ter more  suitable  for  mashing  it  is  first  crushed  and  freed  from 
the  germs  by  sifting.  The  germs  obtained  in  this  manner 
are  subjected  to  hydraulic  pressure  and  yield  1 5  per  cent,  of 
pure  oil,  the  residue  furnishing  an  excellent  fodder. 
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Maize  germ  oil-cake. 

Oil 4.35  per  cent. 

Organic  substances 7^^5       ** 

aJbuminous  substances  therein kS.54  per  cent. 

Ash 6.25       « 

Water 10.55       " 

ioojoo  per  cent. 

In  case  the  maize  malt  is  mashed  in  without  freeing  it  from 
the  germs,  the  oil  is  obtained  in  the  following  manner :  The 
day  before  the  mash  is  to  be  distilled  the  oil  is  skimmed  from 
the  surface  and  poured  through  a  fine  sieve  into  a  large  vat. 
When  the  vat  is  half  full  of  oil  it  is  filled  up  with  hot  water  and 
the  mixture,  after  thorough  stirring,  is  filtered  through  linen 
into  another  vat  provided  with  two  cocks,  one  near  the  bottom 
for  drawing  off  the  water  and  the  other  about  five  inches 
higher  up  for  the  oil.  After  the  filtrate  has  stood  for  a  few 
hours,  and  the  water  has  separated  from  the  oil,  the  latter  is 
carefully  drawn  off.  If  it  is  to  be  quite  clear  and  transparent, 
it  is  poured  into  a  glass  balloon  and  exposed  to  the  rays  of  the 
sun,  when,  after  the  slimy  precipitate  has  settled,  the  clear  oil 
is  poured  oflf. 

By  extracting  the  entire  seed  with  ether  only  1 1  per  cent,  of 
oil  was  obtained,  while  the  very  carefully  cleansed  germs  yielded 
22  per  cent. 

Maize  oil  is  pale  to  golden-yellow,  clear,  and  has  a  peculiarly 
agreeable  taste  and  odor.  It  is  quite  thickly-fluid  and  has  a 
specific  gravity  of  0.9215  at  59°  F.  It  consists  of  oiein, 
stearin,  and  palmitin,  and  contains  some  volatile  oil.  It  solidi- 
fies to  a  quite  solid  white  mass  at  14^  F.  The  oil  contains 
0.88  per  cent,  free  fatty  acids ;  the  total  content  of  fatty  acids 
amounts  to  96.67  per  cent.;  it  also  contains  1.3  per  cent,  of 
non-saponifiable,  mucilaginous,  and  albuminous  substances. 

The  content  of  olein  ranges  between  that  of  olive  oil  and 
cotton-seed  oil.  In  taste  it  resembles  fresh  ground  flour. 
Spread  in  a  very  thin  layer  upon  paper  and  exposed  to  the  air, 
a  membranous  film  is  not  formed  inside  of  three  weeks. 
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Nitric  acid  colors  maize  oil  somewhat  red-yellow,  fum- 
ing nitric  acid  dark  brown  after  some  time,  the  oil  solidifying 
in  twenty-four  to  twenty-five  hours  to  a  yellow  mass  of  little 
solidity. 

Sulphuric  acid  produces  a  very  characteristic  dark  green 
color,  which  lasts  a  few  minutes. 

A  mixture  of  sulphuric  and  nitric  acids  effects  only  a  red- 
yellow  color. 

Zinc  chloride  causes  first  a  dark  yellow  color,  which,  after 
standing,  changes  into  yellow-green. 

Potash  or  soda  lye  rapidly  yields  a  white  soap  with  the  oil. 

Ammonia  produces  a  cream-like  emulsion. 

SaponiBcation  number  of  the  oil 181.1-189.2 

•«  "  "       fattyacids 198 

Iodine  number  of  the  oil 1 19.4-1 19.9 

fatty  acids 125 


««  M  M 


Maize  oil  is  well  adapted  for  illuminating  purposes,  giving  a 
bright  white  flame  and  developing  in  burning  a  quite  high  de- 
gree of  heat.  It  is  also  advantageously  used  for  dressing  wool, 
as  a  machine  oil,  and  in  the  manufacture  of  soap. 

2.  Millet  oil  {Hirseol,  G.)  from  the  grains  of  Panicum  mili- 
aceum^  Linn.,  a  species  of  grain,  which  is  cultivated  partially 
on  account  of  its  grain  and  partially  on  account  of  its  stalk  for 
feeding.  For  use  as  food  the  grain  is  decorticated  in  special 
mills  and  "  polished."  The  waste — ^the  so-called  polishing 
meal — contains  18  to  25  per  cent,  of  oil,  which  is  best  obtained 
by  extraction  with  ether.  The  oil  is  pale  yellow,  has  a  some- 
what agreeable  odor,  and  when  taken  internally  causes,  after  a 
short  time,  scratching  in  the  throat. 

Like  castor  oil,  the  oil  is  soluble  in  alcohol  and  contains  95 
per  cent,  of  a  fatty  acid  isomeric  with  ricinstearolic  acid.  At 
the  ordinary  temperature  this  acid  forms  a  non-solidifying  oil 
of  a  pale  yellow  color  and  slight  odor.  By  long  exposure  to 
the  air  and  light  it  becomes  colorless  and  forms  a  thick  viscous 
mass  of   rancid   qdor.     It  dissolves  readily  in  alcohol,  ether, 
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chloroform,  petroleum-ether  and  benzol,  and  with  alkalies 
yields  soap-like  combinations  of  great  softness.  Aqueous  sola- 
tions  of  the  latter  foam  when  shaken  and  yield  flaky  precipitates 
with  lime  and  magnesia  salts. 

With  nitrous  acid  (elaidin  test)  millet  oil  does  not  give  a  solid 
product. 

On  standing  a  crystalline  body — panicol — separates  from  the 
oil ;  the  chemical  composition  of  this  body  has  not  yet  been 
sufficiently  well  established.  It  melts  at  545^  F.  and  when 
oxydizcd  with  chemical  agents  yields  an  acid  close  to  gallic  acid. 

Cyperacea  (Glumacece), 

Cyperus  oil  {oleum  cyperi  esculenti — Erdmandel'dl,  G.,  huile  de 
soHchet  comestible y  F.)  from  the  tubers  of  Cyperus  esculentus^ 
Linn.,  indigenous  to  Southern  Europe,  especially  to  Sicily,  and 
cultivated  in  Italy  and  North  Africa.  The  tubers  contain  as 
much  as  20  per  cent,  of  oil.  It  has  a  golden-yellow  color,  a 
pleasant  nutty  odor  and  taste,  and  is  used  in  Egypt  and  Italy 
as  a  fine  table  oil.  It  has  a  specific  gravity  of  0.924 ;  it  sep- 
arates stearin  at  below  37.5^  F.  It  is  also  employed  in  the 
manufacture  of  soap. 

According  to  C.  Hell  and  S.  Twer  Domedoff,  the  oil  consists 
essentially  of  the  glycerides  of  oleic  acid  admixed  with  a  small 
quantity  of  the  glyceride  of  myristic  acid. 

Pteridophyta  (  Lycopodiacea  ) . 

Lycopodium  clavatum,  Linn.,  the  club  moss,  is  a  low,  creeping 
perennial  which  is  found  in  dry  woods  distributed  over  the 
greater  portion  of  the  globe,  but  is  most  frequent  in  northern 
countries.  The  sporules  form  a  fine,  very  mobile  pale-yellowish 
powder  which  is  free  from  odor  and  taste  and  is  brought  into 
commerce  under  the  name  of  lycopodium.  If  this  powder  be 
triturated  with  glass-splinters  until  under  the  microscope  it  ap- 
pears entirely  broken  up,  an  oil  may  be  extracted  from  it  by- 
means  of  ether.  The  sporules  contain  up  to  48.5  per  cent  of 
oil,  which  is  pale  yellow,  odorless  and  of  a  mild  taste.     Specific 
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gravity  =  0.925.  It  does  not  solidify  even  when  cooled  to 
— 7.6°  F.  The  oil  contains  a  peculiar  acid  besides  oleic  and 
palmitic  acids ;  0.3  per  cent,  physostearin  CisHf^O  has  also  been 
established. 

B.  Oils  of  the  Animal  Kingdom. 

Ruminantia  Cavicornia. 

I.  Neaf S'Joot  oil  {oleum  pedum  tauri ;  Ochsenklauenol,  G. ; 
huile  de pieds  de  bosuf,  ¥ .)  The  feet  of  ruminants,  especially 
of  the  bovine  genus,  contain  an  oil  which  remains  fluid  below 
the  freezing  point,  being  therefore  rich  in  olein. 

The  feet  collected  from  the  slaughter-houses  are  soaked  in 
cold  water  to  free  them  from  adhering  blood,  and  after  remov- 
ing the  sinews  are  placed  perpendicularly  in  sufficient  boiling 
water  to  cover  the  hoofs.  In  about  a  quarter  of  an  hour  they 
are  to  be  taken  out  and  the  hoofs  separated  by  a  suitable  ma- 
chine. The  next  step  is  to  joint  them  with  a  knife,  to  sever 
the  toes  from  the  large  bone.  The  latter  is  boiled  with  water 
by  steam,  while  the  former,  which  are  more  obstinate  in  yield- 
ing their  fat,  are  boiled  in  an  open  pan  with  water  previously 
used  for  the  large  bones.  After  the  boiling  the  liquid  is  left 
to  repose,  so  that  the  oil  may  rise  to  the  surface  and  be  drawn 
off.  The  collected  oil  deposits  after  some  time  a  thick  stratum 
of  dirty  semi-fluid  fat,  from  which  the  clear  supernatant  portion 
must  be  decanted. 

The  best  oil,  especially  suitable  as  a  lubricant  for  fine  ma- 
chines, clocks,  etc.,  is  extracted  by  placing  the  thoroughly 
cleansed  feet  in  the  sun  or  in  a  covered  vessel  near  the  fire. 
The  oil  thus  obtained  is  clarified  by  standing  and  then  put  into 
small  bottles. 

An  excellent  lubricant  for  clocks,  watches,  etc.,  may  also  be 
prepared  from  the  ordinary  commercial  neat's  foot  oil.  Dis- 
solve the  oil  in  twice  its  volume  of  benzine,  and  set  the  solution 
in  a  cold  room  (about  37°  F.)  The  next  day  pour  oflf  the 
clear  fluid'  from  the  sediment,  distil  the  benzine  off  in  a  water 
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bath^  repeatedly  agitate  the  oil  which  remains  behind  with  5 
per  cent,  of  finely  pulverized  bicarbonate  of  soda,  bring  the 
mixture  into  small  bottles  well  closed,  and  let  it  stand  quietly 
to  settle.  In  a  few  weeks  the  clear  oil  may  be  used  as  a  lubri- 
cant for  the  above  mentioned  purposes. 

Neat's-foot  oil  has  a  pure  straw  color,  sometimes  with  a  slight 
greenish  shade,  and  when  fresh  a  peculiar  mild  taste  and  odor. 
Its  specific  gravity  is  0.915  to  0.916  at  59^  F.,  and  it  solidifies 
at  32^  to  29°  F.  The  oil  keeps  very  long  without  becoming 
rancid. 

Neat's-foot  oil  consists  of  glycerides  of  oleic  acid,  besides 
very  little  stearic  acid. 

Nitric  acid  colors  the  oil  only  yellowish ;  fuming  nitric  acids 
somewhat  brown*yellow,  and  solidifies  it  in  twelve  hours. 

Sulphuric  acid  and  a  mixture  of  sulphuric  and  nitric  acids 
color  the  oil  brown. 

Alcoholic  solution  of  nitrate  of  silver  shaken  with  the  oil 
eflfects  reduction. 

Neat's-foot  oil  is  subject  to  many  adulterations,  which,  how- 
ever, are  readily  detected  by  taste  and  odor,  or  by  the  nitric  or 
sulphuric  acid  test. 

Sophistication  with  fish  oil  is  readily  recognized  as  indicated 
above,  or  by  the  introduction  of  chlorine,  which  bleaches  the 
neat's-foot  oil,  while  the  fish  oil  remains  black  or  brown. 

The  oil  is  mostly  produced  in  large  slaughter  houses,  Buenos 
Ayres  furnishing  considerable  quantities. 

2.  Sheep* s  trotter  oil  {oleum  ovis  pedum;  Schafpfotenol  G. ; 
huile  de  pieds  de  mouton,  F.)  The  trotters  of  ovis  aries,  Linn., 
the  sheep,  also  contain  an  oil  rich  in  olein.  It  is  obtained  in 
the  same  manner  as  neat's-foot  oil.  It  resembles  the  latter, 
only  its  taste  and  odor  are  still  more  characteristic.  It  has  a 
specific  gravity  of  0.9175,  and  solidifies  at  32^  to  29°  F. 

Sulphuric  acid  does  not  produce,  as  in  neat's-foot  oil,  a 
brown  color,  but  at  first  a  dark  red-yellow  one. 
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Solidungula. 

Horse-foot  ail  {oleum  pedum  equorum;  Pferdefussdly  G.  ; 
huile  de  pieds  de  chevaly  F.).  The  feet  of  horses  yield  an  oil 
very  similar  to  neat's-foot  oil,  with  a  specific  gravity  of  0.913 
at  59°  F.  It  being  very  difficult  to  detect  with  sulphuric  acid, 
which  gives  a  brown-yellow  color,  it  is  frequently  used  for 
adulterating  neat's-foot  oil.  The  specific  gravity  furnishes, 
however,  some  guide. 

GallincB. 

Egg  oil  {oleum  ovorum;  Eieroly  G. ;  huile  d'oeufsy  F.)  is  ob- 
tained from  the  yolks  of  fowls*  or  hens'  eggs.  By  boiling  the 
yolks  are  changed  into  a  readily  friable  mass,  from  which  the 
oil  is  obtained  either  by  pressure  or  by  extraction  with  ether. 

The  oil  obtained  by  pressure  is  reddish-yellow,  thickly  fluid, 
inodorous,  of  a  mild  taste,  and  neutral.  By  long  standing 
palmitin  is  separated.  The  oil  solidifies  to  a  granular  mass  at 
39^  F. 

The  oil  extracted  with  ether  has  a  beautiful  yellow  color,  a 
somewhat  disagreeable  flavor,  and  contains  a  viscous  substance, 
which  is  separated  by  filtering. 

The  oil  extracted  with  ether  from  ducks'  eggs  is  of  a  darker 
golden  yellow  than  that  from  hens'  eggs,  and  lacks  the  peculiar 
odor  of  the  latter. 

The  oil  extracted  with  benzine  from  ostriches'  eggs,  the  yolk 
of  which  contains  up  to  25.12  per  cent,  oxidizes  very  rapidly 
on  exposure  to  the  air.     Specific  gravity  =  0.915. 

£gg  oil  consists  chiefly  of  olein  and  palmitin,  and  contains 
besides  ^j^  per  cent,  of  cholesterin.  It  is  readily  soluble  in 
ether  and  in  22.5  parts  of  90  per  cent,  spirit  of  wine.  It  is 
subject  to  many  adulterations,  which,  however,  can  readily  be 
detected  by  the  methods  already  described.  Coloration  with 
turmeric  can  be  detected  by  saponification,  pure  egg  oil  yielding 
a  yellowish  soap,  and  the  colored  article  a  brown  soap. 

Fgg  oil  is  obtained  on  a  large  scale  by  extraction  with  pure 
petroleum  ether  as  a  by-product  in  the  manufacture  of  egg 
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albumen.     It  is  much  used  in  tawing  as'  a  substitute  for  olive 
oily  and  for  pharmaceutical  purposes. 

Hens'  eggs  contain  on  an  average  11.50  per  cent,  of  oil. 


End  of  Vol.  I. 
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for  Homes  for  the  People;  together  with  Warming,  Ventilation, 
Drainage,  Painting  and  Landscape  Gardening.  By  John  Bullock, 
Architect  and  Editor  of  *•  T'.ie  Rudiments  of  Architecture  and 
Buildinp,'*  etc.,  elc.     Illustrated  by  75  engrivinps.     8vo.  #2.50 

BULLOCK. — The  Rudiments  of  Architecture  and  Building: 
For  the  use  of  Architects,  Builders,   DrAu«ihi«imen,  Machinists,  En- 
gineers and  Mechanics.     Edited  by  John  Bullock,  author  of  "The 
American  Cottage  Builder."  Illustrated  by  250  Engravings.  8vo.  |t2.50 

BURGH.— Practical    Rules    for   the  Proportions  of    Modem 
Engines  and  Boilers  for  Land  and  Marine  Purposes. 
By  N.  P.  BuROH,  Engineer.     i2mo.  .  .        I1.50 

BYLBS. — Sophisms    of    Free    Trade    and    Popular    Political 

Economy  Examined. 

By  a  Barrister  (Sir  John  Barnard  Byles,  Judge  of  Common 

Pleas).      From  the    Ninth    English   Edition,  as   published    by   the 

Manchester  Reciprocity  Association.     i2mo.      .         .         .         $1.25 

BOWMAN.— The  Structure  of  the  Wool  Fibre  in  iu  Relation 
to  the  Use  of  Wool  for  Technical  Purposes : 
Being  the  substance,  with  additions,  of  Five  Lectures,  deliverea  at 
*he  request  of  the  Council,  to  the  members  of  the  Bradford  Technic.il 
College,  and  the  Society  of  Dyers  and  Colorists.  By  F.  H.  Bow- 
man, D.  Sc,  F.  R.  S.  E.,  F.  L.  S.  Illustrated  by  32  engravings. 
8vo 1^5.00 

BYRNE.— Hand-Book  for  the  Artisan,  Mechanic,  and  Eni^- 

neer: 

Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools,  Abr&'.ve 

Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  Varnishing 

and  Lackering,  Apparatus,  Materials  and  Processes  for  Grinding  and 
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F6lishing,  etc.    By  Oliter  Byrne.    Illustrated  bj  18$  wood  en- 
jnmvings.    8vo $SjOO 

BYRNE.— Pocket-Book  for  Railroad  and  Civil  Engineers : 
Containing  New,  Exact  and  Concise  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings ;  the  taking  out  of 
work ;  Levelling ;  the  Gdculation  of  Cuttings ;  Embankments ;  £arth« 
work,  etc.  By  Oliver  Byrne.  iSmo.,  full  bound,  pocket-book 
form fi'5o 

BYRNE.— The  Practical  Metal- Worker's  AsslsUnt : 
Comprising  Metallurgic  Chemistry;  the  Arts  of  Working  all  Metali 
and  Alloys;  Forging  of  Iron  and  Steel;  Hardening  and  Tempering; 
Melting  and  Mixing;  Casting  and  Founding ;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
Workers.  With  the  Application  of  the  Art  of  Electro- Metallurgy  to 
Manufacturing  Processes ;  collected  from  Original  Sources,  and  from 
the  works  of  HoUzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoflfern,  Clay,  Fairbaim  and  others.  By  Oliver  Byrne.  A  new« 
revised  and  improved  edition,  to  which  is  added  an  Appendix,  con« 
taining  The  Manufacture  of  Russian  Sheet- Iron.  By  John  Percy, 
M.  D.,  F.  R.  S.  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  Bessemer  Steel.  By  A.  A.  Fesquet,  Chemist  and 
Engineer.  With  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject.    8vo ^5'00 

BYRNE.— The  Practical  Model  Calculator: 
For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work,  Nava] 
Architect,  Miner  and  Millwright.     By  Oliver  Byrne.    8vo.,  nearly 
600  pages ^3.00 

CABINET  MAKER'S  ALBUM  OF  FURNITURE: 
Comprising  a  Collection  of  Designs  for  various  Styles  of  Fumiture. 
Illustrated  by  Forty-eight  Large  and  Beautifully  Engrar^d  Plates. 
Oblong,  8vo I1.50 

CALLINGHAM.— Sign  Writing  &nd  Glass  Embossing: 
A  Complete  Practical   Illustrated  Manual  of  the  Art.     By  James 
Callingham.     i2mo $1.50 

CAMPIN. — A  Practical  Treatise  on  Mechanical  Engineering: 
Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work* 
shop  Machinery,  Mechanical  Manipulation,  Manufacture  of  Steam* 
Engines,  etc.  With  an  Appendix  on  the  Analysis  of  Iron  and  Iron 
Ores.  By  Francis  Campin,  C.  £.  To  which  are  added,  Observationi 
an  the  Construction  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
nsed  for  Smoke  Prevention ;  with  a  Chapter  on  Explosions.  By  R. 
Armstrong,  C.  E.,  and  John  Bourne.  Rules  for  Calculating  tba 
Change  Wheels  for  Screws  on  a  Turning  Lathe,  and  for  a  WbeeU 
cutting  Machine.  By  J.  La  Nicca.  Management  of  Steel,  Include 
ing  Forging,  Hardening,  Tempering,  Annealing,  Shrinking  and 
Expansion ;  and  the  Qise-hardening  of  Iron.  By  G.  Edr.  Svo. 
lUustratad  with  twenty-nine  plates  and  100  wood  engravings      #5.00 
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CAREY.— A  Memoir  of  Henry  C.  Carejr. 

By  Dr.  Wm.  Elder.    With  a  portrait.    8vo.,  claCh        •        .       75 

CAREY.— The  Works  of  Henry  C.  Carey : 

Harmony  of  Interests :   Agricultural,  Manafactoring  and  Conmier- 

cial.     8vo.  .        .        ^1.35 

Manual  of  Social  Science.  Condensed  from  Carey's  "  Principles 
of  Social  Science."  By  Kate  McKean.  i  vol.  i2mo.  .  #2.00 
Miscellaneous  Works.    With  a  Portrait    2  toIs.  8vo.        1 10.00 

Past,  Present  and  Future.    Svo $3.50 

Principles  of  Social  Science.    3  volumes,  8vo.  $7-$^ 

The  Slave- Trade,  Domestic  and  Foreign;  Why  it  Exists,  and 
How  it  may  be  Extinguished  (1853).     8vo.       .  .        $2.00 

The  Unity  of  Law :  As  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental  and  Moral  Science  (1872^.     8vo.  .        ^2.50 

Ci«ARK. — Tramways,  their  Construction  and  Working : 

Embracing  a  Comprehensive  History  of  the  System.  With  an  ex- 
haustive analysis  of  the  various  modes  of  traction,  including  horse- 
power, steam,  heated  water  a.id  compressed  air ;  a  description  of  the 
varieties  of  Rolling  stock,  and  ample  details  of  cost  and  working  ex- 
penses. By  D.  K  INN  EAR  Ct.ARK.  Illustrated  by  over  aoo  wood 
engravings,  and  thirteen  folding  plntes.      i  voL    8vo.         .       $7.50 

COLBURN. — The  Locomotive  Engine : 

Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man- 
agement.    By  Zerah  Colburn.    Illustrated.     i2mo.  |l.oo 

COLLENS.— The  Eden  of  Labor;  or,  the  Christian  Utopia. 
By  T.  Wharton  Collens,  author  of  "  Humanics,"   "  The  Histocj 
of  Charity,**  etc.     l2mo.     Paper  cover,  |i. 00;  Cloth         .         ^1.25 

COOLEY.— A  Complete  Practical  Treatise  on  Perfuinery: 
Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Artidea. 
With   a  Comprehensive    Collection  of  Formulae.     By  ARNOLD  J 
COOLKY.    i2mo $l'S^ 

COOPER.— A  Treatise  on  the  use  of  Belting  for  the  Tiaaa^ 
mission  of  Power. 
With  numerous  illustrations  of  approved  and  actual  methods  of  ar> 
ranging  Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten 
ings.  Examples  and  Rules  in  great  numl)er  for  exhibiting  and  cat* 
culating  the  size  and  driving  power  of  Belts.  Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Management  o' 
Belts.  Descriptions  of  many  varieties  of  Beltings,  together  witA 
chapters  on  the  Transmission  of  Power  by  Ropes;  by  Iron  and 
Wood  Frictional  Gearing  ;  on  the  Strength  of  Belting  Leather ;  and 
on  the  Experimental  Investigations  of  Morin,  Briggs,  and  others.  Bf 
John  H.  Cooper,  M.  E.  Svo $1*5^ 

CRAIK.~>The  Practical  American  Millwright  and  BfOler. 
By  David  Craik,  Millwright.     Illustrated  by  aumeroas  wood  en- 
gravings and  two  folding  plates.     Svo.       •        •        •        •         $3*S<^ 
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CROSS. — The  Cotton  Yam  Spinner : 

Showing  how  the  Preparation  should  be  arranged  for  Different 
Counts  of  Yams  by  a  System  more  uniform  than  has  hitherto  been 
practiced ;  by  having  a  Standard  Schedule  from  which  we  make  all 
our  Changes.    By  Richard  Cross.     122  pp.     i2mo.        .  75 

CRISTIANI. — A  Tech-.ical  Treatise  on  Soap  and  Candles: 
With  a  Glance  at  the  Industry  of  Fats  and  Oils.     By  R.  S.  Cris- 
TIANI,  Chemist.     Author  of  "  Perfumery  and  Kindred  Arts."     Illus- 
trated by  176  engravings.     581  pages,  8vo.  •  ^15.00 

COAL  AND  METAL  MINERS'  POCKET  BOOK: 

Of  Principles,  Rules,  Formulae,  and  Tables,  Specially  Compiled 
and  Prepared  for  the  Convenient  Use  of  Mine  Officials,  Mining  En- 
gineers, and  Students  preparing  themselves  for  Certificates  of  Compe- 
tency as  Mine  Inspectors  or  Mine  Foremen.  Revised  and  Enlarged 
edition.     Illustrated,  565  pages,  small  i2mo  ,  cloth.        .  ^2.00 

Pocket  book  form,  flexible  leather  with  flap  .        .  ^2.75 

DAVIDSON.— A  Practical  Manual  of  House  Painting,  Grain- 
ing, Marbling,  and  Sign- Writing: 
Containing  full  information  on  the  processes  of  House  Painting  in 
Oil  and  Distemper,  the  Formation  of  letters  and  Practice  of  Sign- 
Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House  Painters,  Writers,  etc.,  and  a  Collection  of  Useful 
Receipts.  With  nine  colored  illustrations  of  Woods  and  Marbles, 
and  numerous  wood  engravings.    By  Ellis  A.  Davidson.     i2mo. 

^2.00 

DAVIES.— A  Treatise  on  Earthy  and  Other    Minerals  and 
Mining: 
By  D.  C.  Davies,  F.  G.  S.,  Mining  Engineer,  etc.     Illustrated  by 
76  Engravings.     I2mo ^5-00 

DAVIES. — A  Treatise  on  Metalliferous  Minerals  and  Mining: 
By  D.  C.  Davies,  F.  G.  S  ,  Mining  Engineer,  Examiner  of  Mines, 
Quarries  and  Collieries.  Illustrated  by  148  engravings  of  Geological 
Formations,  Mining  Operations  and  Machinery,  drawn  from  the 
practice  of  all  parts  of  the  world.  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged  by  his  son,  E.  Henry  Davies.  i2mo.,  524 
pages .        .        I5.00 

DAVIES.— A  Treatise  on  Slate  and  Slate  Quarrying: 

Scientific,  Practical  and  Commercial.  By  D.  C.  Daviis,  F.  G.  S., 
Mining  Engineer,  etc.  With  numerous  illustrations  and  folding 
plates.     i2mo. ^2.00 

DAVIS. — A  Practical  Treatise  on  the  Manufacture  of  Brick, 

Tiles  and  Terra-Cotta : 

Including  Stiff  Clay,  Dry  Clay,  Hand  Made,  Pressed  or  Front,  and 

Roadway  Paving  Brick,  Enamelled  Brick,  with  Glazes  and  Colors, 

Fire  Brick  and  Blocks,  Silica  Brick,  Carbon  Brick,  Glass  Pots,  Re- 
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torts,  Architectural  Terra-Cotta,  Sewer  Pipe,  Drain  Tile,  Glazed  and 
Ungiazcd  Roofing  Tile,  Art  Tile,  Mosaics,  and  Imitation  of  Intarsia 
or  Inlaid  Surfaces.  Comprising  every  product  of  Clay  employed  in 
Architecture,  Engineering,  and  the  Blast  Furnace.  With  a  Deuiled 
Description  of  the  Different  Clays  employed,  the  Most  Modem 
Machinery,  Tools,  and  Kilns  used,  and  the  Processes  for  Handling, 
Disintegrating,  Tempering,  and  Moulding  the  Clay  into  Shape.  Dry- 
ing, Setting,  and  Burning.  By  Charles  Thomas  Davis.  Third  Edi- 
tion.  Revised  and  in  great  part  rewritten.  Illustrated  by  261 
engravings.     662  pages I500 

DAVIS. — A  Treatise  on  Stenm- Boiler  Incrustation  and  Meth- 
ods for  Preventing  Corrosion  and  the  Pormation  of  Scale: 
By  Charlks  T.  Davis.     Illustrated  by  65  engravings.     8vo.    ^.00 

DAVIS* — The  Manufacture  of  Paper: 

Being  a  Description  of  the  various  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif- 
ferent Raw  Mateiials  and  the  Methods  for  Determining  their  Values, 
the  Tools,  Machines  and  Practical  Details  connected  with  an  intelli- 
gent and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  Hi^«to^y  of  Pa- 
per,  complete  Lists  of  Paper- Making  Materials,  List  of  American 
Machines,  1  ools  and  Processes  used  in  treating  the  Raw  Materials, 
and  in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.    Illustrated  l^  156  engravings.    608  pages,  8vo.         |6.oo 

DAVIS.— The  Manufacture  of  Leather: 

Being  a  Description  of  all  the  Processes  for  the  Tanning  and  Tawing 
with  Bark,  Extracts,  Chrome  and  all  Modem  Tannages  in  Gencr^ 
Use,  and  the  Currying,  Finishing  and  Dyeing  of  Every  Kind  of  Leather; 
Including  the  Various  Raw  Materials,  the  Tools,  Machines,  and  all 
Details  of  Importance  Connected  with  an  Intelligent  and  Profitable 
Prosecution  of  the  Art,  with  Special  Reference  to  the  Best  American 
Practice.  To  which  are  added  Lists  of  American  Patents  ( 1884-1897) 
for  Materials,  Processes,  Tools  and  Machines  for  Tanning,  Cunying, 
etc.  By  Charles  Thomas  Davis.  Second  Edition,  Revised,  and 
in  great  part  Rewritten.  Illustrated  by  147  engravings  and  14  Sam- 
ples of  Quebracho  Tanned  and  Aniline  Dyed  Leathers.  8vo,  cloth, 
712  pages.     Price $7*50 

DAWIDOWSKY— BRANNT.— A  PracUcal  Treatise  on  the 

Raw  Materials  and  Fabrication  of  Glue,  Gelatine,  Gelatine 

Veneera  and  Foils,  Isinglass,  Cements,  Pastes,  Mucilages, 

etc.: 

Based  upon  Actual  Experience.     By  F.  Dawidowsky,  Technical 

Chemist.     Translated  from  the  German,  with  extensive  additions, 

including  a  description  of  the  most  Recent  American  Processes,  by 

William  T.  Brannt,  Graduate  of  the  Royal  Agricultural  College 

of  Eldena,  Prussia.     35  Engra vines.     i2mo.    .        .        .        ^2.50 

DE  ORAFF.^The  Geometrical  Stair-Builders*  Guide: 
Being  a  Plain  Practical  System  of  Hand- Railing,  embracing  all  Its 
necessary  Details,  and  Geometrically  Illustrated  by  twentv-two  Steel 
Engravings ;  together  with  the  use  of  the  most  approved  pcmdplsi 
Af  Practical  Geometry.     By  Simon  Db  Graff,  Architect     fte. 

^2.00 
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DE  KONINCK— DIBTZ.— A  Practical  Manual  of  Chemical 
Analysis  and  Assaying : 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  snd  to  Csst  Ixom^ 

Wrought   Iron,  and  Steel,  as  found  in  Commerce.     By  L.  L.  Dl 

KoNiNCK,  Dr.  Sc,  and  E.  Dietz,  Engineer.     Edited  with  Notes,  bjr 

RoBsar  Mallet,  F.  R.  S.,  F.  S.  G.,  M.  I.  C.  E.,  etc.    Aroericsa 

Edition,  Edited  with  Notes  and  an  Appendix  on  Iroc  Ores,  by  A.  A« 

Fesquet,  Chemist  and  Engineer.     i2mo.  .        .        .        |i.SQ 

DUNCAN.— Practical  Sunreyor's  Guide : 
Containing  the  necessary  information  to  make  any  person  of  con» 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher 
By  Andrew  Duncan.    Revised.  72  engrsvin}^,  214  pp.  i2mo.  $1.50 

DUPLAIS. — A  Treatise  on  the  Manufacture  and  Distillatioo 
of  Alcoholic  Liquors : 
Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Mola&ses,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Aspho- 
del.  Fruits,  etc. ;  with  the  Distillation  and  Rectification  of  Brandy. 
Whiskey,  Rum,  Gin,  Swiss  Absinthe,  etc.,  the  Prepar?tion  of  Aro« 
matic  Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  AroBoatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  the 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  Copioat 
Directions  and  Tables  for  Testing  and  Reducing  Sj>irituous  Liquon, 
etc^9  etc.  Translated  and  Edited  from  the  French  of  MM.  Dupljiis, 
Aine  et  Teune.  By  M.  McKennie,  M.  D.  To  which  are  added  the 
United  States  Iniemal  Revenue  Regulations  for  the  Assessment  and 
Collection  of  Taxes  on  Distilled  Spirits.  Illustrated  by  fourteea 
folding  plates  and  several  wood  engravings.     743  pp.  8vo.         1 12.50 

DUS8AUCE.— Practical  Treatise  on  the  Pabricatiooof  MatchMi 

Gun  Cotton,  and  Pulminating  Powder. 
By  Professor  H.  Dussauce.     i2mo 

DYER  AND  COLOR-MAKER'S  COMPANION: 
Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  foi  all  the  various  styles  and  fabrics  now 
in  existence;  with  the  Scouring  Process,  and  plain  Directions  for 
Preparing,  Washing-off,  and  Finishing  the  Goods.     i2mo.         ^i.oo 

EDWARDS.— A  Catechism  of  the  Marine  Steam-Engine, 
For  the  use  of  Engineers,  Firemen,  and  Mechanics.  A  Practical 
Work  for  Practical  Men.  By  Emory  Edwards,  Mechanical  Engi- 
neer. Illustrated  by  sixty -three  Engravings,  including  examples  of 
the  most  modem  Engines.  Third  edition,  thoroughly  revised,  with 
much  additional  matter.     12  mo.  414  pages  ^2  oa 

EDWARDS. — Modem  American  Locomotive  Engines, 
Their  Design,  Construction  and  Management.    By  Emory  Edwarm* 
nittstrated  ismo $2x30 

EDWARDS.— The  American  Steam  Engineer: 

Theoretical  and  Practical,  with  examples  of  the  latest  and  most  ap- 

El  American  practice  in  the  design  and  construction  of  Steam 
es  and  Boilers.    For  the  use  of  engineers,  machinists,  boiler- 
s,  and  engineering  students.    By  Emory  Edwards.    Fully 
ittwtnited,         419  pages.     i2mo.  •        .        .        •        I2.50 
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EDWARDS. — Modem  American  Marine  En^^iaea,  BeSlmt%f 

Screw  Propellera, 

Their  Design  and  Construction.    Showing  the  Present  Pncrice  ot 

the  most  ^ninent  Engineers  and  Marine  £ngine  Builders  in  the 

United  States.   Illustrated  by  30  large  and  elaborate  plates.  4to.  $sxx. 

EDWARDS.— The  Practical  Steam  Engineer's  Guide 

In  the  Design,  Construction,  and  Management  of  American  Stationary, 
Portable,  and  Steam  Fire -Engines,  Steam  Pumps,  Boilers,  Injector^ 
Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 
Gauges.  For  the  use  of  Engineers,  Firemen,  and  Steam  Users.  By 
Emory  Edwards.  Illustnted  tor  119  engravings.  a20  pages. 
i2mo #2  50 

BISSLBR.— The  MeuUurgy  of  Gold : 
A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-Bear^ 
ing  Ores,  including  the  Processes  of  Concentration  and  Chlorinatioa^ 
and  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M.  Eisslkr. 
With  132  Illustrations.     l2mo I5.00 

BISSLER.— The  MeUUurgy  of  Silver : 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation 
of  Silver  Ores,  including  the  Assaying,  Melting,  and  Refining  of 
Silver  Bullion.  By  M.  Eissler.  124  Illustrations.  336  ppi 
i2mo $4-25 

ELDER. — Converaationa  on  the  Principal  Subjects  of  Political 
Economy. 
By  Dr.  William  Elder.    8vo I2  50 

ELDER.^Questions  of  the  Day, 

Economic  and  Social.    By  Dr.  William  Elder.    8vo.    .     $3.00 

SRNI. — Mineralogy  Simplified. 
Easy  Methods  of  Determining  and  Classifying  Minerals,  including 
Ores,  by  means  of  the  Blowpipe,  and  by  Humid  Chemical  Analysis, 
based  on  Professor  von  Kobell's  Tables  for  the  Determination  of 
Minerals,  with  an  Introduction  to  Modem  Chemistry.  By  Henry 
Erni,  A.M.,  M.D.,  Professor  of  Chemistry.  Second  Edition,  rewritten, 
enlarged  and  improved.  i2mo.  •        •        •        .        . 

rAIRBAIRN.— The  Principles  of  MechanUm  and  Machinery 
of  Transmiasion  * 
Comprising  the  Pnnclplet  of  Mechanism,  Wheels,  and  Pulleys, 
Strength  and  Propoitlonsof  Shafts,  Coupling  of  Shafts,  and  Engag- 
Ing  and  Disengaging  Gear.  Bv  SiE  William  Fairbairm,  Bart 
C  E.  BeauilfulTy  tllustrited  by  over  150  wood-cuts.  In  one 
^ume.  i2mo I2.00 

PLBMINO.— Narrow  Gauge  Railways  in  America. 
A  Sketch  of  their  Rise,  Progress,  and  Success.    Valuable  Sutistict 
as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives,  Cars,  etc.     By 
Howard  Fleming.    Illustrated,  8vo |i  00 

FORSYTH.— Book  of  Designs  for  Headstones,  Mural,  and 

other  Monuments : 
Containing  78  Designs.    By  James  Forsyth.  With  an  IntroductioD 
by  Charles  Boutell,  M.  A.    4  to.,  cloth      •       .  $3-5^ 
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FRANKBL— HUTTER.— A  Practical  Treatise  on  the  Mann* 
facture  of  Starch,  Glucose,  Starch-Sugar,  and  Dextrine: 
Based  on  the  German  of  Ladislaus  Von  Wagner,  Professor  in  the 
Royal  Technical  High  School,  BudaPest,  Hungary,  and  other 
authorities.  By  Julius  Frank  el,  Graduate  of  the  Polytechnic 
School  of  Hanover.  Edited  by  Kobert  Hutter,  Chemist,  Practical 
Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover- 
ing every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  Best  American  Machinery.     8vo.,  344  pp.      .        I3  50 

GARDNER. — The  Painter's  Encyclopedia: 
Containing  Definitions  of  all  Important  Words  in  the  Art  of  Plain 
and  Artistic  Painting,  with  Details  of  Practice  in  Coach,  Carriage, 
Railway  Car,  House,  Sign,  and  Ornamental  Paintmg,  including 
Graining,  Marbling,  Staining.  Varnishing,  Polishing,  I^ettering, 
Stenciling,  Gilding,  Bronzing,  etc.  By  Franklin  B.  Gardner. 
158  Illustrations.     i2mo.    427  pp |2.oo 

GARDNER.— Everybody's  Paint  Book: 
A  Complete  Guide  to  the  Art  of  Outdoor  and  Indoor  Painting,  De- 
signed for  the  Special  Use  of  those  who  wish  to  do  their  own  work, 
and  consisting  of  Practical  Lessons  in  Plain  Paintmg,  Varnishing, 
Polishmg,  Staining,  Ppprr  Hanging,  Kalsomining,  etc.,  as  well  as 
Directions  for  Renovating  Furniture,  and  HinU«  on  Artistic  Work  for 
Home  Decoration.    38  Illustrations.     i2mo.,  183  pp.       .        ^1.00 

QBE.— The  Goldsmith's  Handbook : 
Containing  fall  instructions  for  the  Alloying  and  Working  of  Gold, 
including  the  Art  of  Alloying,  Melting,  Reducing,  Coloring,  Col- 
lecting, and  Refining;  the  Processes  of  Manipulation,  Recovery  of 
Waste;  Chemical  and  Physical  Properties  of  Gold;  with  a  New 
System  of  Mixing  its  Alloys ;  Solders,  Enamels,  and  other  Useftd 
Rules  and  Recipes.    By  George  E.  Geb.     i2mo.  •        .        ^1.25 

QBE.— The  Silversmith's  Handbook : 
Containing  full  instructions  for  the  Alloying  and  Working  of  Silver, 
including  the  different  modes  of  Refinip'-  and  Melting  the  Metal ;  its 
Solders ;  the  Preparation  of  Imitation  Alloys ;  Methods  of  Manipula* 
tion ;  Prevention  of  Waste ;  Instructions  for  Improving  and  Finishing 
the  Surface  of  the  Work ;  together  with  other  Useful  Inform<ition  and 
Memoranda.    By  George  E.  Gee.     Illustrated.     i2mo.        Si. 25 

GOTHIC  ALBUM  FOR  CABINET-MAKERS: 

Designs  for  Gothic  Furniture.     Twenty-three  plates.    Oblong  Si.50 

3RANT.^A  Handbook  on  the  Teeth  of  Gears : 
Their  Carves,  Properties,  and  Practical  Constmction.    By  Gsorgb 
B.Grant.    Illustrated.    Third  Edition,  enlaiiged.    8vo.         |ioo 

GREENWOOD.— Steel  and  Iron : 

Comprising  the  Practice  and  Theory  of  the  Several  Methods  Pur- 
taed  in  their  Manufacture,  and  of  their  Treatment  in  the  Rolling. 
Mills,  the  Forge,  and  the  Foundry.  By  William  Henry  Green* 
WOOD,  F.  C.  S.    With  97  Diagrams,  536  pages.     i2mo.        ^2.00 
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QREQORY.— Mathematics  for  Practical  Men: 
Adajpted  to  the  Pursuits  of  Surveyors,  Architects,  Meduuncs,  sad 
Civil  Eapneers.    By  Olinthus  Gkegory.    8to.,  plates       #3.oa 

QRISWOLD«^Railroad  En^rineer's  Pockat  Companicm  for  the 
Field : 

Compnsing  Rules  for  Calculating  Deflection  Distances  and  Angles 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  En 
gineers;  also  the  Art  of  Levelling  from  Preliminaiy  Survey  to  the 
Construction  of  Railroads,  intended  £xprea<ly  for  the  Young  Ed- 
eineer,  together  with  Numerous  Valuable  Rules  and  Examples.    By 

W.  GaiswoLD.     i2mo..  tucks #l*5o 

ORUNER. — Studies  of  Blast  Furnace  Pheoomena: 
By  M.  L.  Gruner,  President  of  the  General  Council  of  Bfiines  ol 
France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  des  Minea 
Translated,  with  the  author's  sanction,  with  an  Appendix,  by  L.  D. 
B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.    8vo.  .        .        .       $2.50 

Hand-Book  of  Useful  Tables  fior  the  Luiiibennaii»  Pannei  and 
Mechanic  i 

Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Mea^ 
ure.  Plank,  Scantling  and  Timber  Measure;  Wages  and  Rent,  by 
Week  or  Month ;  Capacity  of  Granaries,  Bins  and  Cisterns ;  Land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4,  5,  6,  7  and  8  per  cent.,  and  many  other  Usefu)  Tables. 
3a  mo.,  boards.     186  pages .3$ 

HA8ERICK.— The  Secrete  of  the  Art  of  Dyeing  Wool,  CettoOa 

and  Linen, 
Including  Bleachiisg  and  Coloring  Wool  and  Cotton  Hosiery  and 
Random  Yams.     A  Treatise  based  on  Economy  and  Practice.     By 
£.  C.  Haserick.     lUuitrated  by  323  Dyed  PaUems  of  the  Yarm 
or  Fabrics,    8vo.  ^7- 50 

HATS  AND  PELTING: 
A  Practical  Treatise  on  their  Manufacture.    By  a  Practical  Hatter. 
Illustrated  by  Drawings  of  Machinery,  etc.    8vo.      .        •        ^f  .25 

HOFFER.—A  Practical  Treatise  on  Caoutchouc  and  Qutta 
Percha, 
Comprising  the  Properties  of  the  Raw  Materials,  and  the  manner  0/ 
Mixing  and  Working  them ;  with  the  Fabrication  of  Vulcanized  and 
Hard  Rubbers,  Caoutchouc  and  Gutta  Pescha  Compositions,  Wsteiw 
proof  Substances,  Elastic  Titeues,  the  Utilization  of  Waste,  etc.,  etc, 
From  the  German  of  Raimund  Hoffer.  By  W.  T.  Brannt. 
Illustrated  i2mo #2.50 

HAUPT.— Street  Railway  Motora: 

With  Descriptions  and  Cost  of  Plants  and  Operation  of  the  Various 
Systems  now  in  Use.     i2mo. |i-75 
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HAUPT—RHAWN.—A  Move  for  Better  Roads : 
Eaaays  on  Road-making  and  Maintenance  and  Road  Laws,  for 
which  Prizes  or  Honorable  Mention  were  Awarded  through  the 
University  of  Pennsylvania  by  a  Committee  of  Citizens  of  Philadel* 
phia,  with  a  Synopsis  of  other  Contributions  and  a  Review  by  the 
Secretary,  Lewis  M.  Haupt,  A.  M.,  C.  E. ;  also  an  Introduction  by 
William  H.  Rhawn,  Chairman  of  the  Committee.  319  pages. 
8vo I2.0Q 

HUOHES.~American  MiUer  and  MUlwright'a  AsBistant: 
By  William  Carter  Hughes.    i2mo I1.50 

HULME. — Worked  Examination  Questions  in  Plane  Geomet- 
rical Drawing : 
For  the  Use  of  Candidates  for  tlie  Royal  Military  Academy,  Wool- 
wich ;  the  Royal  Military  College,  Sandhurst ;  the  Indian  Civil  £c. 
gineering  College,  Cooper's  Hill ;  Indian  Public  Works  and  Tele- 
graph  Departments ;  Royal  Marine  Light  Infantry ;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  Edward  Hulme,  F.  L. 
8«,  F.  S.  A.,  Art- Master  Marlborough  College.  Illustrated  by  300 
esami>les.     Small  quarto |2«50 

JBRVIS.— Railroad  Property: 

A  Treatise  on  the  Construction  and  Management  of  Railwa3rs; 
designed  to  afford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Managers,  Offi- 
cers, and  Agents.  By  John  B.  Jervis,  late  Civil  Engineer  of  the 
Hudson  River  Railroad,  Croton  Aqueduct,  etc.    i2mo.,  cloth      I2.0Q 

KEEN E.— A  Hand-Book  of  Practical  Gauging: 
For  the  Use  of  Beginners,  to  which  is  added  a  Chapter  on  Distilla* 
tion,  describing  the  process  in  operation  at  the  Custom- House  for 
ascertaining  the  Strength  of  Wines.     By  James  B.  Keene,  of  H.  M. 
Customs.     8vo.  ........        ^l.oo 

KELLEY. — Speeches,  Addresses,  and  Letters  on  Industrial  and 
Financial  Questions : 
By  Hon.  William  D.  Kelley,  M.  C.    544  pages,  8vo.  .        I2.50 

KELLOQQ. — A  New  Monetary  System  : 
The  only  means  of  Securing  the  respective  Rights  of  Labor  and 
Property,  and  of  Protecting  the  Public  from  Financial  Revulsions. 
By  Edward  Kellog&  Revised  from  his  work  on  **  Labor  and 
other  Capital."  With  numerous  additions  from  his  manuscript 
Edited  by  Mary  Kellogg  Pittnam.  TiKh  edition.  To  which  k 
added  a  Biographical  Sketch  of  the  Author.    One  Tolume,  lamo. 

Paper  cover |ix>0 

Bound  in  cloth I.25 

KEMLO.— Watch-Repairer's  Hand-Book: 
Being  a  Complete  Guide  to  the  Young  Beginner,  in  Taking  Apart, 
Putting  Together,  and  Thoroughly  Oeaning  the  English  Lever  and 
other  Foreign  Watches,  and  all  American  Watches.    By  F.  Kemlci, 
Vract'ical  Watchmaker.    With  Illustrations.     i2mo,  .        ^1.25 
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KENTISH.^A  Treattse  on  a  Box  of  Instniments, 

And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Logs 
rithms,  including  Practical  Geometry,  Surveying,  Measuring  of  Tinv 
ber.  Cask  and  Malt  Gauging,  lieights,  and  Distances.  By  Thoma* 
Kentish.     In  one  volume.     i2mo.  ....        |i.oc 

KERL.— The  Assayer't  Manual: 

An  Abridged  Treatise  on  the  Docimaatic  Examination  of  Ores,  and 
Furnace  and  other  ArtiHcid  Producis.  By  Bruno  Kerl,  Professor 
in  the  Royal  School  of  Mines.  Translated  from  the  German  hy 
William  T.  Brannt.  Second  American  edition,  edited  with  Ex- 
tensive Additions  by  F.  Lynwood  Garrison,  Member  of  the 
American  Institute  of  Mining  Engineers,  etc.  Uluatrated  by  87  en- 
gravings.   8vo.        ....••••        ^3-or 

KICK.— Flour  Manufacture . 
A  Treatise  on  Milling  Science  and  Practice.  By  Frederick  Kick 
Imperial  Rcgierungsrath,  Professor  of  Mechanical  Technology  in  the 
imperial  German  Polytechnic  Institute,  IVngue.  Transl.ited  from 
the  second  enlarged  and  revised  edition  with  supplement  hy  H.  H. 
P.  POWLES,  Assoc.  Memb  Institution  of  Civil  Engineers.  Illustrated 
with  28  Plat^,  and  167  Wood-cuts.    367  pages.    8vo.     •     f  10.00 

KIN02ETT.— The  History,  Products,  and  Processes  of  the 
Alkali  Trade : 
Including  the  most  Recent  Improvements.     By  Charles  Thomas 
KiNGZETT,  Consulting  Chemist.    With  23  illustrations.   8vo.      ^2.50 

LANDRIN.— A  Treatise  on  Steel : 
Comprising  its  Theory,  Metallurgy.  Properties,  Practical  Working, 
and  Use.     By  M.  H.  C.  Ijindrin,  Jr.     From  the  French,  by  A.  A. 
Fesquet.     i2mo $2.50 

LANQBEIN.— A  Complete  Treatise  on  the  Electro- Deposi. 
tion  of  Metals : 
Comprising  Electro- Plating  and  Gnlvanoplaslic  Operations,  the  De- 
position of  Metals  by  the  Contact  and  Immersion  Processes,  tiie  Color- 
ing of  Metals,  the  Methods  of  Grindini;  and  Polishing,  as  well  as 
Descriptions  of  the  Elecinc  Elemenis.  Dynamo- Elect nc  Machines, 
Thermo- Piles  and  of  the  Materials  and  Processes  used  in  Every  l>e- 
partment  of  the  Art.  From  the  German  of  Dr.  George  Langbein, 
with  additions  by  Wm.  T.  Brannt.  Third  Edition,  thoroughly  re- 
vised and  much  enlarged.    150  Engravings.    520  pages.    8vo.     l4-oo 

LARD NER.— The  Steam-Engine: 

For  the  Use  of  Beginners.     Illustrated.     i2mo.    •        •        •        7S 

LBHNER.— The  Manufacture  of  Ink: 
Comprising  the  Raw  Materials,  and  the  Preperation  df  Wnting, 
Copying  and  Hekiograph  Inks,  Safety  Inks,  Ink  Extracts  and  Pow. 
ders,  etc.     Translated  from  the  German  of  Sigmund  Lrhnbr,  with 
additions  by  Wiluam  T.  Brannt.    Illustrated.    t2mo.         ^2.0u 
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LARKIN. — ^Tbe  Prmcucmi  Brass  and  Iron  Pounder's  Quldat 
A  Conciie  Treatise  on  Brass  Founding,  Moulding,  the  Metals  aa4 
their  Alloys,  etc. ;  to  which  are  added  Recent  Improvements  in  te 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  Bf 
Tames  Larkin,  late  Conductor  of  tlie  Brass  Foundry  DepsLrtmeat  is 
Reany,  Neaiie  &  Co.*s  Penn  Works,  Philadelphia.  New  edidoa, 
revised,  with  extensive  additions.     i2mo.  .        •        •        ^2.50 

LBROUX. — A  Practical  Treatise  on  the  Manufacture  ol 
Worsteds  and  Carded  Yams : 
Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning;  Sorting,  Cleaning,  and  Scouring  Wools;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yams.  Translated  from  the  French  of 
Charles  Leroux,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning- Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fkquit» 
Ciiemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  whidi 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
Intemadonal  Jury,  and  of  the  Artisans  selected  by  the  Committee 
sppointed  by  the  (jouncil  of  the  Society  of  Arts,  London,  on  Woolen 
snd  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni^ 
▼ersal  Exposition,  1867.    8vo.  ^$<oe 

LSPPEL.— The  Construction  of  MiU-Dams : 
Comprising  also  the  BuUding  of  Race  and  Reservoir  Embankments 
and  Head-Gates,  the  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc     By  James  Leffel  &  Co.    Illustrated  by  58  engravings, 
8vo. ^2.50 

LESLIE.— Complete  Cookery: 
Directions  for  Cookery  in  its  Various  Branches.    By  Mus  Leslie. 
Sixtieth  thousand.    Thoroughly  revised,  with  the  addition  of  New 
Receipts.     i2mo #l*50 

LB  VAN.— The  Steam  En^ne  and  the  Indicator : 
Their  Origin  and  Progressive  Development;  including  the  Most 
Recent  Examples  of  Steam  and  Gas  Motors,  together  with  the  Indi- 
cator, its  Principles,  its  Utility,  and  its  Application.  By  William 
Barnet  Lb  Van.  Illustrated  by  205  Engravings,  chidly  of  Indi. 
cator- Cards.    469  pp.    8vo ^00 

LIEBBR.— Assayer's  Guide : 
Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
the  principal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etc.    By  Oscar  M.  Liebbr.     Revised.  283  pp.  lamo.    I1.50 

Lockwood'a  Dictionary  of  Terms : 
Used  in  the  Practice  of  Mechanical  Engineering,  embracing  those 
Current  in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn-. 
Ing,  Smith's  and  Boiler  Shops,  etc.,  etc.,  comprising  upwards  of  Sixf 
Thousand  Definitions.  Edited  by  a  Foreman  Pattern  Maker,  author 
nf « Pattern  Making."    417  pp.    lamo.  •        $^joo 
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LUKIN.— Amongst  Machinest 

Embracing  Descriptions  of  the  varioot  Mechanicd  App&juioef 
in  ihe  Manufacture  of  Wood,  Metal,  and  other  Substances.    121110. 

LUKIN. — The  Boy  Engineers: 
What  They  Did,  and  How  They  Did  It.    With  50  plates.    iSma 

LUKIN.— The  Young  Mechanic  1 
Practical  Carpentiy.  Con'ainmg  Directions  for  the  U&e  of  all  kinds 
wi  Tools,  and  for  Construction  ot  Sienin- Engines  and  Mechanical 
Models,  including  the  Art  of  Turning  in  Wood  and  Metal.  By  John 
LUKIN,  Author  of  "The  Lathe  and  Its  Uses,*'  etc  Illustrated. 
I2ino ^1.75 

MAIN  and  BROWN.— Questions  on  Subjects  Connected  with 

the  Marine  Stesm-Engine : 

And    Examination    Pajjer!*;    with    Hints    for    their   Solution.     By 

Thomas  J.  Main,  Professor  of  Mathematics,  Royal  '%'aval  College, 

and  Thomas  Brown,  Chief  Engineer,  R.  N.    i2mo.,  cluth  .       ^1.00 

MAIN  and  BROWN. — The  Indicator  and  Dynamometer: 
With  their  Practical  Applications  to  the  Steam- Engine.     By  THOMAS 
J.  Main,   M.  A.  F.  R.,   Ass'i   S.   Professor   Royal   Naval   College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineer 
R.  N.,  attached  to  the  R.  N.  College.     Illustrated.     8vo.  . 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 
By  Thomas  J.  Main,  F.  R.  Ass't  S.  Maihemaiical  Professor  at  the 
Royal    Naval    College.   Portsmouth,  and   Thomas   Brown,  Assoc 
Inst.  C.  E..  Chief   Engineer  R.  N.     Attached  to  the  Royal  Naval 
College.     With  numerous  illustrations.     8vo. 

MAKINS.— A  Manual  of  Metallurgy: 

By  George  IIooAR Hi  Makins.     100  engravin;;s.     Second  edition 
rewritten  and  much  enlarged.     i2mo.,  592  pages  .         $300 

MARTI N.—Screw-Cutting  Tables,  for  the  Use  of  Mechanical 
Engineers : 
Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the  Threads 
of  Screws  of  any  Rei}uired  Pitch ;  with  a  Table  for  Making  the  Uni' 
▼ersal  Gaspipe  Thread  and  Taps.  By  W.  A.  Martin,  Engineer. 
8fo.      ' .50 

MICHBLL.--Mine  Drainage: 
Being  a  Complete  and  Practical  Treatise  on  Direct- Acting  UaJif 
ground  Steam  Pumping  Machinery.  With  a  Description  of  a  laige 
number  of  the  best  known  Engines,  their  General  Utility  and  thi 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  Merits  compared  with  other  Pumping  Machinery.  By  Stephbm 
MlCHBLI^    Illustrated  by  137  engravings.    8vo.,  277  pages  .       ^.00 

MOLESWORTH.— Pocket-Book    of    Useful    Formate    and 

Memoranda  for  Civil  and  Mechanical  Engineers. 

Bf  Guilford  L.  Molesworth,  Member  of  the  Institution  of  Cvril 

Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railwajr.    Fall' 

ia  Pocket-book  form      •••••«        Ji.00 
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MOORB«^Th0  Uni¥«nal  Asstotant  and  tfao  Complett  M^ 
chanicx 
Containing  over  one  million  Industrial  Facts,  Calculations,  Receipt^ 
Processes,  Trades  Secrets,  Rules,  Business  Fonns,  Legal  Items,  Sic^ 
in  every  occupation,  from  the  Household  to  the  Manufactory.  B^ 
R.  Moore.     Illustrated  by  500  Engravings.     i2mo.  .        $2,^ 

MORRIS. — Easy  Rulea  for  the  Measurement  of  Earthworka: 
By  means  of  the  Prismoidal  Formula.  Illustrated  with  Numerona 
Wood -Cuts,  Problems,  and  Examples,  and  concluded  by  an  Extes^ 
sive  Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas. 
The  whole  beinc  adapted  for  convenient  use  by  Engineers,  SurveyorSi 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 
Bjr  Elwooo  Moeris,  C.  E.    3yo. I1.50 

MAUCHLINB.— The  Mine  Foreman's  Hand-Book 
Of  Practical  and  Theoretical  Information  on  the  Opening,  Venti- 
lating, and  Working  of  Collieries.  Questions  and  Answers  on  Prac- 
tical and  Theoretical  Coal  Mining.  Designed  to  Assist  Students  and 
Others  in  Passing  Examinations  for  Mine  Foremanships.  By 
Robert  Mauchlink,  Ex- Inspector  of  Mines.  A  New,  Revised  and 
Enlarged  Edition.  Illustrated  by  114  engravings.  8vo.  337 
pages ^3.75 

NAPIER. — A  System  of  Chemistry  Applied  to  Dyeing. 
By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised  Edi* 
tion.  Completely  brought  up  to  the  present  state  of  the  Science, 
including  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  Fesquet, 
Chemist  and  Engineer.  With  an  Appendix  on  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867.  Illus- 
trated. 8vo.  422  pages I3.00 

NEVILLE.— Hydraulic  Tables,  Coefficients,  and  Pormuls,  fu 
finding  the  Discharge  of  Water  from  Orifices,  Notches, 
Weirs,  Pipes,  and  Rivers : 
Third  Edition,  with  Additions,  consisting  of  New  Formulae  for  the 
Discharge  from  Tidal  and  Flood  Sluices  and  Siphons;  general  infor 
mation  on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Wa'.e» 
Supply  for  Towns  and  Mill  Power.  By  Tohn  Neville.  C.  E.  M  R 
I.  A. ;  Fellow  of  the  Royal  Geol<^cal  Society  of  Ireland.    Thi^ 

12mo ^5.50 

JIEWBERY.— Gleanings    from     Ornamental    Aft    of    every 
^      style: 

Drawn  from  Examples  in  the  British,  South  Kensington,  Indian, 
Crystal  Palace,  and  other  Museums,  the  Exhibitions  of  1851  and 
1862,  and  the  best  English  and  Foreign  works.  In  a  series  of  lOO 
exquisitely  drawn  Plates,  containing  many  hundred  examples.  Bf 
Robert  Newberv.   410. I12.50 

NXCHOLLS.  —The  Theoretical  and  Practical  Boiler*ilak«r  antf 
Engineer's  Reference  Book: 

Containing  a  variety  of  Useful  Information  for  Employers  of  Laboc 
Foremen  and  Working  Boiler-Makers.  IroB»  Copper,  and  Tinsoiiths 
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Draughtsmen,  Engineers,  the  General  Steam-using  Public,  and  for  tilt 
Use  of  Science  Schools  and  Classes.  By  Samuel  Nxcholis.  llln» 
trated  by  sixteen  plates,  1 2mo. I3.50 

NICHOLSON.~A  Manual  of  the  Art  of  Bookbinding: 
Containing  full  instructions  in  the  diflferent  Branches  of  Forwarding 
Gilding,  and  Finishing.     Also,  the  Art  of  Marbling  Book-edges  and 
Paper.     By  James  B.  Nicholson.     Illustrated.  i2mo.,  cloth    |2.2$ 

NICOLLS.— The  RaUway  BuUder: 
A  Hand-Book  for  Estimating  the  Probable  Cost  of  American  Ra.k 
way  Construction  and  Equipment.     By  William  J.  NICOLLS,  Civfl 
Engineer.    Illustrated,  full  bound,  pocket-book  form 

NORMANDY.— The  Commercial  Handbook  of  Chemical  An« 
alysis : 
Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  01 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades, 
and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged,  and 
to  a  great  extent  rewritten.  By  Henry  M.  Noad,  Ph.D.,  F.R.S., 
thick  i2mo I5.0C 

NORRI8. — ^A  Handbook  fcr  Locomotive  Engineers  and  Ma- 
chinists : 
Comprising  the  Proportions  and  Calculations  for  Constructing  I^oco- 
motives;  Manner  of  Setting  Valves;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc  By  Septimus  Norris,  M.  E.  New  edition.  Illustrated, 
lamo.  ^1.50 

NY8TR0M. — ^A  New  Treatise  on  Elements  of  Mechanics : 
Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms  1 
accompanied  with  an  Ap)>endix  on  Duodenal  Arithmetic  and  Me 
irology.     By  John  W.  Nystrom,  C.  E.     Illustrated.    8vo.       I3.00 

NYSTROM. — On  Technological  Education  and  the  Construc- 
tion of  Ships  and  Screw  Propellers : 
For  Naval  and  Marine  Engineers.     By  John  W.  Nystrom,  lata 
Acting  Chief  Engineer,  U.  S.  N.     Second  edition,  revised,  with  addi- 
tional matter.     Illustrated  by  seven  engravings.     i2mo.     .        i^l.25 

O'NEILL.— A  Dictionary  of  Dyeing  and  Calico  Printing : 
Containing  a  brief  account  of  all  the  Sulistances  and  Processes  in 
use  in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics ;  with  Practical 
Receipts  and  Scientific  Informaiion.  By  Charles  O'Neill,  Analy- 
tical Chemist.  To  which  is  added  an  Essay  on  Coal  Tar  Colors  and 
their  application  to  Dyeing  and  Calico  Printing.  By  A.  A.  Fesquet, 
Chemist  and  Engineer.  With  an  appendix  on  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867-  Svo., 
491  pages I3.00 

ORTON  .-—Underground  Treasures  *. 
How  and  Where  to  Find  Them.  A  Key  for  the  Ready  Determination 
of  all  the  Useful  Minerals  within  the  United  States.  By  James 
ORTCnt,  A.M.,  Late  Professor  of  Natural  History  in  Vassar  College, 
H.  Y.;  Cor.  Mem.  of  the  Academy  of  Natural  Sciences,  Philadelphia, 
and  of  the  Lyceum  of  Natural  History,  New  York ;  author  of  the 
"Andes  and  the  Amazon."  etc.  A  New  Edition^  with  Additions. 
lUaiintcd  $t.$0 
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08B0RN. — The  Prospector's  Field  Book  and  Ouide. 

In  the  Search  For  and  the  Easy  Determination  of  Ores  and  Other 
Useful  Minerals.  By  Prof.  H.  S.  Osborn,  LL.  D.  Illustrated  by  58 
Engravings.     i2ino.     Third  Edition.    Revised  and  Enlarged  (1897). 

I1.50 
03B0RN— A  Practical  Manual  of  Minerals,  Mines  and  Min- 
ing: 
Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur- 
rence and  Associations  of  the  Useful  Minerals;  their  Methods  of 
Chemical  Analysis  and  Assay ;  together  with  Various  Systems  of  Ex- 
cavating and  Timbering,  Brick  and  Masonry  Work,  during  Driving, 
Lining,  Bracing  and  other  Operations,  etc.    By  Prof.  H.  S.  OsBORN, 
LL.  D.,  Author  of  *<  The  Prospector's  Field-Book  and  Guide."     171 
engravings.    Second  Edition,  revised.    8vo.     •        •        .        #4*50 
OVERMAN.— The  Manofactim  of  Steel : 
Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  Wagon 
Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard- 
ware, of  Steel  and   Iron,  and  for  Men  of  Science  and  Art.     By 
Frederick  Overman,  Mining  Engineer,  Author  of  the  *'  Manu- 
Cscture  of  Iion,"  etc.     A  new,  enla^d,  and  revised  Edition.     By 
A.  A.  Fesqu£T,  Chemist  and  Engineer.     l2mo.        .  1 1.50 

OVERMAN.— The  Moulder's  and  Pounder's  Pocket  Ouide : 
A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Drysand,  Loam« 
snd  Cement;  the  Moulding  of  Machine  Frames,  Mill-^ear,  Hollow- 
ware,  Ornaments,  Trinkets,  Bells,  and  Statues ;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals;  Plaster  of  Paris,  Sulphur, 
Wax,  etc. ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 
Founding  of  Metals ;  the  Composition  of  Alloys  and  their  Nature, 
etc.,  etc.    By  Frederick  Overman,  M.  E.    A  new  Edition,  to 
which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 
Ordnance,  Malleable  Iron  Castings,  etc.     By  A.  A.  Fesquet,  Chem- 
ist and  Engineer.    Illustrated  by  44  engravings.     lamo.   .        ^2.00 
PAINTER,  QILDER,  AND  VARNISHBR'8  COMPANION. 
Comprising  the  Manufacture  and  Test  of  Pigments,  the  Arts  of  Paint- 
ing, Graining,  Marbling,  Staining,  Sign- writing,  Varnishing,  Glass- 
Ftaining,  and  Gilding  on  Glass;  together  with  Coach  Painting  and 
Varnishing,  and  the   Principles   of  the  Harmony  and  Contrast  of 
Colors.     Twenty-seventh  Edition.     Revised,  Enlarged,  and  in  great 
part  Rewritten.     By  William  T.  Brannt,  Etliior  of  "  Varnishes, 
Lacquers,  Printing  Inks  and  Sealing  Waxes."     Illustrated.     395  pp. 
l2mo.       ..........        ^1.50 

PALLETT.— The  MUler's,  Millwright's, and  Engineer's  Guide. 
Bv  Henry  Pallbtt.    Illustrated.     i2mo.      .  .        I2.00 
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PBRCY. — ^The  Manofacture  of  Russian  Sheet-Iron. 
By  John  Percy,  M.  D.,  F.  R.S.»  Lecturer  on  MeUllui^  ti  the 
Royal  School  of  Mines,  and  to  The  Advance  Class  of  Artiller> 
Oflficeri  at  the   Royal   Artillery   Institution,  Woolwich :  Author  of 
**  Metallurgy."  With  Illustrations.     8vo.,  paper       .        .        25  cts. 

PERKINS.— Qas  and  VentUation  : 
Practical  Treatise  on  Gas  and  Ventilation.     With  Special  Rclatioa 
to  Illuminating,  Heating,  and  Cooking  by  Gas.     Including  Scientifia 
Helps  to  Engineer-students  and  others.     With  Illustrated  Diagrams, 
By  E.  E.  Perkins.     i2mo.,  cloth $1.25 

fTBRKINS  AND  STOWE.— A  New  Guide  to  the  Sheet.tnm 
and  Boiler  Plate  Roller : 
Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and  Piles 
to  Produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauga 
in  decimals ;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  112  lbs.  per  bundle;  and  the  convetsion  of 
Short  Weight  into  Long  Weight,  and  Long  Weight  into  Short. 
Ertimated  and  collected  by  G.  H.  Perkins  and  J.  G.  Stowe.  ^1.50 

POWELL— CHANCE— HARRIS.— The   Principles  of  GUaa 

Makinif. 

By  Harry  J.  Powell,  B.  A.  Together  with  Treatises  on  Crown  and 

Sheet  Glass;  by  Henry  Chance,  M.  A.    And  Plate  Glass,  by  H. 

G.  Harris,  Asso.  M.  Inst.  C.  E.    Illustrated  i8mo.         .        I1.5Q 

PROCTOR.— -A  Pocket-Book  of  Useful  Tables  and  PormuUs 
for  Marine  Engineers : 
By   Frank   Proctor.     5>econd    Edition,   Revised  and  Enlarged. 
Full -bound  pocket-book  form 1 1*50 

REONAULT.— Elements  of  Chemistry: 
By  M.  V.  Regnault.  Translated  from  the  French  by  T.  Forrest 
Betton,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Refiner  U.  S.  Mint,  and  William  L.  Faber,  Metallurgist  and 
Mining  Engineer.  Illustrated  by  nearly  700  wood-engravings.  Com> 
prising  nearly  1,500  pages.     In  two  volumes,  8vo.,  cloth   .        $6,00 

RICHARDS.— Aluminium : 

Its  History,  Occurrence,   Properties,  Metallurgy  and  Applicationc, 

including  its  Alloys.    By  Joseph  W.  Richards,  A.  C,  Chemist  and 

Practical  Metallurgist,  Member  of  the  Deutsche  Chemische  Gesell- 

schaft.     lUust.    Third  edition,  enlarged  and  revised  (1895)   .  f6.oo 

RIPPAULT,  VERONAUD,  and  TOUSSAINT.— A  PracUcal 
Treatise  on  the  Manufacture  of  Colors  for  Painting : 
Comprising  the  Origin,  Definition,  and  Classification  of  Colors;  the 
Treatment  of  the  Raw  Materials ;  the  best  Formulae  and  the  Newest 
Processes  Tor  the  Preparation  of  every  description  of  Pigment,  and 
the  Necessary  Apparatus  and  Directions  for  its  Use;  Dryers;  th« 
Testing.  Application,  and  Qualities  of  Paints,  etc.,  etc.  By  MM. 
RiFPAULT.  Vergnaud.  and  Toussaint.     Revised  and  Edited  by  M. 
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F.  Malkpeyre.  Thmilated  from  the  French,  by  A.  A.  FteQgWV 
Chemist  and  Engmeer.  Illuttrated  by  Eighty  engravings.  In  one 
vol.,  8vo.,  659  pages •       #$«oo 

ROPER.— A  Catechism  of  High-Pressure,  or  Non-Condensing 
Steam -Engines : 
Including  the  Modelling,  Constructing,  and  Management  of  Steam- 
Engines  and  Steam  Boilers.  With  valuable  illustrations.  By  Sts^ 
PHEN  Roper,  Engineer.  Sixteenth  edition,  revised  and  enlarged. 
1 8mo.,  tucks,  gilt  edge ^2.00 

ROPER.— Engineer's  Handy- Book: 

Containing  a  full  Explanation  of  the  Steam-Engine  Indicator,  and  its 
Use  and  Advantages  to  Engineers  and  Steam  Users.  With  Formulae 
for  Estimating  the  Power  of  all  Classes  of  Sienm- Engines ;  also, 
Facts,  Figures,  Quesiions,  and  Tables  for  Engineers  who  wish  to 
Qualify  whemsclves  for  the  United  Stales  Navy,  the  Revenue  Service, 
the  Mercantile  Marine,  or  to  take  charge  of  the  Better  Class  of  Sta- 
tionary Steam- Engines.  Sixth  edition.  i6mo..  690  pag««,  tucks, 
gilt  edge I3.50 

ROPER. — Hand-Book  of  Land  and  Marine  Engines : 
Including  the  Modelling,  Construction,  Running,  and  Management 
of  Lanr*  nnrl  Marine  Engines  and  Boilers.     With  illustrations.     By 
Stephen  Roper,  Engineer.    Sixth  edition.     i2mo.,hxks,  gilt  edge. 

fo-50 
ROPER.— Hand-Book  of  the  Locomotive : 

Including  the  Construction  of  Engines  and  Boilers,  and  the  Construc- 
tion, Management,  and  Running  of  Locomotives.  By  STEPHEN 
Roper.     Eleventh  edition.     i8mo.,  tucks,  gilt  edge  ^2.50 

ROPER.— Hand-Book  of  Modem  Steam  Fl«^- Engines. 
With  illustrations.    By  Stephen  Roper,  Engineer.    Fourth  edition* 
i2mo.,  tuck^,  gilt  edi^e ^3'50 

ROPER. — Questions  and  Answers  for  Engineers. 
This  little  book  contains  all  the  Questions  that  Engineers  will  be 
asked  when  undergoing  an  Examination  for  the  purpose  of  procuring 
Licenses,  and  they  are  so  plain  that  any  Engineer  or  Fireman  of  or 
dinary  intelligence  may  commit  them  to  memory  in  a  short  time..    By 
Stephen  Roper,  Enjrineer.     Third  edition       .        .        .        ^2.00 

ftOPER.— Use  and  Abuse  of  the  Steam  Boiler. 
By  Stephen  Roper,  Engineer.     Eighth  ediuon,  with  illustrations. 
l8mo.,  tucks,  gilt  ed|;e ^2.09 

ROSE. — The  Complete  Practical  Machinist : 

Embracing  Lathe  Work,  Vise  Work,  Drills  and  Drilling,  Taps  and 
Dies,  Hardening  and  Tempering,  the  Making  and  Use  of  Toolsi 
Tool  Grind int;.  Marking  out  Work,  Machine  Tools,  etc.  By  Joshua 
Rose.  39^  Engravings.  Nineteenth  Edition,  greatly  Enlarged  with 
New  and  Valuable  Matter.     i2mo.,  504  pages.         .         .        I2.50 

ROSE.— Mechanical  Drawing  Self- Taught : 
Comprising  Instructions  in  the  Selection  and  Preparation  of  Drawing 
Instruments,  Elementary  Instniction  in  Practical  Mechanical  Draw- 
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ingt  tofeCher  with  Ezamplct  in  Simple  Geometnr  uid  Elcmeutiiy 
Mcdumism,  including  Screw  Thremot,  Gear  Woeeli,  Mcdwnioil 
Motiotts,  Engines  and  Boilen.  By  Joshua  Ron,  M.  E.  Illnstiatod 
by  350  engravingi.    8to.,  313  pages        .        •        •        •       $4^oa 

ROSE. — The  Slide- ValTe  Practically  Bxplaiaed: 

Embracing  simple  and  complete  Practical  Demonstntions  of  tlu 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illnitiat* 
ing  the  efiects  of  Variations  in  their  Proportions  by  examples  cai^ 
fully  selected  from  the  most  recent  and  succeasiul  practice.  By 
Joshua  Rosk,  M.  E.    Illustrated  by  35  engravings  #1.00 

ROSS. — ^The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology: 

Containing  all  Known  Methods  of  Anhydrous  Analyais»  many  Worth- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Linrr.- 
Cotx>NBL  W.  A.  Ross,  R.  a.,  F.  G.  S.  Wkh  lao  Illastrationa 
l2ino tzjOO 

8H AW.— Civtt  Architecture : 
Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con- 
taining the  FundamenUl  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc 
By  Thomas  W.  Silloway  and  Gborgb  M.  Harding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.    4to ^6.00 

8HUNK. — A  Practical  Treatise  on  Railway  Curyes  and  Loca- 
tion, for  Young  Engineers. 
By  W.  F.  Shunk,  C.  E.    l2mo.    full  bound  pocket-book  form  ^2.00 

SLATER.— The  Manual  of  Colors  and  Dye  Wares. 
By  J.  W.  Slater.     i2mo I3-00 

SLOAN. — American  Houses : 
A  variety  of  Original  Desi(vns  for  Rural  Buildings.    Illustrated  by 
26  colored  engravings,  with  descriptive  references.     By  Samukl 
Sloan,  Architect.    8vo. ^i.oo 

SLOAN. — Homestead  Architecture : 
OiHtamiw^  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
E:.-s.iys  on  Style,  Construction,  Landscape  Gardening,  Furniture,  etc., 
etc.    JUustrated  by  uprvards  of  200  engravings.    By  Samitel  Sloan, 
Archiiect.    8vo l3«oo 

SLOAN  E.—Ho2:>e  Experiments  m  Science. 
By  T.  0*CoNOR  Sloans,  E.  M.,  A.  M.,  Fh.  ]D.    lUustrated  by  91 
engravingft.     ismo. ^I.oo 

SMEATON.—Builder's  Pocktet^Comjpanion : 

Containing  the  Elements  of  Building,  Surveying,  and  Architecture; 
with  Practical  Rules  and  Instructions  coi:!«ected  with  the  subject 
By  A.  C.  Smeaton,  Civil  Engineer,  etc.    lamo.      •        •      75  cts. 

SMITH.— A  Manual  of  Political  Bconony. 
By  E.  Psshinb  Smith.    A  New  Edidon^  to  which  is  added  a  foil 
Index.    lamo.         •• fl-^S 
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SMITH. — Parks  and  Pleasure-Onnuids : 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Pariu,  and 
Gardens.  By  Charles  H.  J.  Smith,  Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.     l2mo.  ....        ^2.oa 

SMITH.— The  Dyer's  Instructor : 
Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  an(^ 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  such  work.* 
By  David  Smith,  Pattern  Dyer.     i2mo.  .        .  I1.50 

SMYTH.— A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  Warrington  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S. 
of  Cornwall.    Fifth  edition,  revised  and  corrected.    With  numer- 
ous illustrations.     i2mo. $^»7S 

8NIVELY.— Tables  for  Systematic  QualiUtive  Chemical  Anal« 
ysis. 
By  John  H.  Snively,  Phr.  D.    8vo.  ^i.oo 

8NIVELY. — The  Elements  of  Systematic  Qualitative  vJiemical 
Analysis : 
A  Hand-book  for  Beginners.    By  John  H.  SnivelY,  Phr.  D.    i6mo. 

I2.00 

STOKES.— The  Cabinet- Maker  and  Upholsterer's  Companion: 
CompriMUg  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work ;  the  Art  of  Dyeing  and  Stain 
ing  Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues 
Cements,  and  Compos'^*'-  ns;  with  numerous  Receipts,  useful  to  work 
men  generally.  Bv  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upor  .ench  Polishing,  Staining,  Imitating,  Varnishing, 
etc.,  etc.    lamo ^1*^5 

STRENGTH  AND  OTHER  PROPERTIES  OP  METALS; 
Reports  of  Experiments  on  the  Strength  and  other  Pro})erties  of 
Metals  for  Cannon.  Wiih  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  yirmy.  By  authority  of  the  Secro 
taryofWar.     Illustrated  by  25  large  steel  plates.   Quarto.        ^5.00 

SULLIVAN.— Protection  to  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  "  Ten  Chapters  on 
Social  Reforms."     8vu ^l.oo 

SHERRATT.-— The  Elements  of  Hand-Railinfl^ : 

Simplified  and  Explained  in  Concise  Problems  that  are  Easily  Under- 
stood. The  whole  illustrated  with  Thirty-eight  Accurate  and  Origi- 
nal Plates,  Founded  on  Geometrical  Principles,  and  Showing  how  to 
Make  Rail  Wuhout  Centre  Joints,  Making  Better  Rail  of  the  Same 
Material,  with  Half  the  Labor,  and  Showing  How  to  Lay  Out  Stain 
of  all  Kinds.     By  R.  J.  Shbrratt.     Folio.     .        .        .        I2.50 
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6YME.— Outlines  of  an  Industrial  Science. 

By  David  Symk.    i2mo.  •        .  ...       I3.00 

TABLES     SHOWING     THE    WEIGHT     OP     ROUND. 
SQUARE,  AND  FLAT  BAR  IRON,  STEEL,  ETC., 

By  Measurement.     Cloth -  6j 

TAYLOR.->SuUstice  of  Coal : 
Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures ;  with  their  Geographical,  Geological,  and  Conunercial 
Distribution  and  Amount  of  Production  and  Consumption  on  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Manu- 
facture. By  R.  C.  Taylor.  Second  edition,  revised  by  S.  S.  Haldb- 
MAN.  Illustrated  by  five  Maps  and  many  wood  engravings.  Svo.^ 
cloth $6xiO 

TEMPLETON.—- The  Practical  Examinator  9n  Steam  and  th4 

Steam -Engine: 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 

Engineers,  Students,  and  others.    By  WiLUAM  Templston,  En. 

gineer.     i2mo. $ijoo 

THAUSING.— The  Theory  and  Practice  of  the  Preparation  of 
Malt  and  the  Fabrication  of  Beer: 
With  especial  reference  to  the  Vienna  Process  of  Brewing.  Elah* 
orated  from  personal  experience  by  JULIIJS  E.  Thaitsing,  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  MOdlini^ 
near  Vienna.  Translated  from  the  German  by  William  T«  Beannt, 
Thoroughly  and  elaborately  edited,  with  much  American  matter,  and 
according  to  the  latest  and  most  Scientific  Practice,  by  A.  Schwarz 
and  Dr.  A.  H.  Bauer.  Illustrated  by  140  Engravings.  8vo.,  815 
pages Iio.oo 

THOMAS.— The  Modem  Practice  of  Photography: 
By  R.  W.  Thomas,  F.  C.  S.    8vo.  ....  25 

THOMPSON.— Political  Economy.    With  Bspecial  Reference 
to  the  Industrial  History  of  Nations : 
By  Robert  E.  Thomi'SON,  M.  A.,  Professor  of  Social  Science  in  the 
University  of  Pennsylvania.     l2mo.  ....        ^1.50 

THOMSON.— Freight  Charges  Calculator: 
By  Andrew  Thomson,  Freight  Agent.    24mo.        .        .        I1.25 

TURNER'S  (THE)  COMPANION: 

Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric  Tunu 
hig;  also  various  Plates  of  Chucks,  Tools,  and  Instruments;  and 
Directions  for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Rest;  with  Patterns  and  Instructions  for  working  them. 
i2mo $tjoo 

rURNINQ:  Specimens  of  Fancy  Turning  Executed  on  the 

Hand  or  Foot- Lathe :  ( 

With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cutting 

Frame.    By  an  Amateur.     Illustrated  by  30  exquisite  Photographs. 

4to. ^2.50 
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▼AILB.~Qalvanised-Iron  Cornice- Worker's  Manual: 
Containing  Instructions  in  Laying  out  the  Different  Mitres,  and 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Work.  Also^ 
Tables  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
Matter  calculated  to  Benefit  the  Trade.  By  Charles  A.  Vaile. 
Illustrated  by  twenty-one  plates.    4to 1^5.00 

VII^LB.~On  Artificial  Manures : 
Their  Chemical  Selection  and  Scientific  Application  to  Agriculture. 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes, 
during  1867  and  1874-75.  By  M.  Georges  Ville.  Translated  and 
Edited  l^  William  Crookes,  F.  R.  S.  Illustrated  by  thirty-one 
engravings.    8vo.,  450  pages |6.oo 

VILLE. — The  School  of  Chemical  Manures : 
Or,  Elementary  Principles  in  the  Use  of  Fertilizing  Agents.     From 
the  French  of  M.  Geo.  Ville,  by  A.  A.  Fesquet,  Chemist  and  En- 
gineer.    With  Illustrations.     i2mo.  .  •        .        1 1.25 

VOODES. — The  Architect's  and  Builder's  Pocket-CompanioQ 
and  Price-Book: 
Consisting  of  a  Shoit  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals, Geometry  and  Mensuration ;  with  Tables  of  United  States 
Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
.Brick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Sizes 
and  Dimensions  of  Wood,  Brick  and  Stone ;  and  full  and  complete 
Bills  of  Prices  for  Carpenter's  Work  and  Painting ;  also.  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Paint- 
ing, Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc.  By 
Frank  W.  Vogoes,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.    In  one  volume,  368  pages,  full-bound,  pocket-book 

Ibnn,  gilt  edges ^2.00 

Cloth        ••  •••••••  1*5^ 

VAN  CLE  VS.— The  English  and  American  Mechanic: 
Comprising  a  Collection  of  Over  Three  Thousand  Receipts,  Rules, 
and  Tables,  designed  for  the  Use  of  every  Mechanic  and  Manufac- 
turer. By  B.  Frank  Van  Cleve.  Illustrated.  500  pp.  i2mo.  $2,00 

WAHNSCHAPPB.'A  Quide  to  the  Scientific  Examination 
of  SoUs ! 
Comprising  Select  Methods  of  Mechanical  and  Chemical  Analysii 
and  Physiod  Investigation.  Translated  from  the  German  of  Dr.  F, 
Wahnschaffs.  With  additions  by  William  T.  Brannt.  Illus- 
trated by  25  engravings.     l2mo.     177  pages    •        .        •       ^1.50 

WALL.— Practical  Graining: 
With  Descriptions  of  Colors  Employed  and  Tools  Used.    Illttstrated 
by  47  Colored  Plates,  Representing  the  Various  Woods  Used  'jg 
Interior  Finishing.    By  William  E.  Wall.    8vo.         .       II1.50 

WALTON  ^-Coal-Mhiing  Described  and  Illustrated  1 
By  Thomas  H.  Walton,  Mining  Engineer.    Illustrated  by  34  ?argi 
and  elaborate  Plates,  alter  Actual  Workings  and  Apparatns.     ^5.oc 
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9irARB.--The  Sugmt  Beet. 
Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  Vi 
of  the  Sugar  Beet,  Examination,  Soils,  Tillage,  Seeds  and  Sowing 
Yield  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva 
tion,  Feeding  Qualities  of  the  Beet  and  of  the  Pulp,  etc.  By  Lkwq 
S.  Wars,  C.  E.,  M.  E.     Illustrated  by  ninety  engravings.     8vo. 


WARN.^The  Sheet-Metal  Worker's  Instructor: 

For  Zinc,  Sheet- Iron,  Copper,  and  Tin- Plate  Workers,  etc  Contain- 
ing; a  selection  of  Geometrical  ProMemii ;  also.  Practical  and  Simple 
Rules  for  Describing  the  various  Patterns  required  in  the  diflfercnt 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Praaicai 
Tin-Plaie  Worker.  To  which  is  added  an  Appendix,  containing 
Instructions  fcr  Boiler- Making,  Mensuration  of  Surfaces  and  Solids, 
Rules  for  Calculating  the  Weights  of  different  Fi^rures  of  Iron  and 
Steel,  Tables  of  ihe  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirtjr- 
two  Plates  and  thirty-seven  Wood  Engravings.     8vo.         .         $3.00 

WARNER.^New  Theorems,  Tables,  and  Diagrams,  for  the 
Computatioii  of  Earth- work : 

Designed  for  the  u^e  of  Engineers  in  Preliminary  and  Final  Estimates 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes* 
sional  Computers.  In  two  parts,  with  an  Appendix.  Part  I.  A  Pne* 
tical  Treatise;  Pan  II.  A  Theoretical  Treatise,  and  the  AppendiXi 
Containing  Notes  to  1  he  Rules  and  Examples  of  Part  I.;  Exphma^ 
tions  of  the  Construction  of  Scales,  Tables,  and  Diagrams,  and  t 
Treatise  upon  Equivalent  Square  Bases  and  Equivalent  I^vel  Heigfalfc 
By  John  Warner,  A.  M.,  Mining  and  Mechanical  Engineer.  Illus- 
trated by  14  Pbtes.    8vo ^00 

WILSON. — Carpentry  and  Joinery : 

By  John  Wii^on,  Lecturer  on  Building  Con«iruciion.  Ctrpcntry  and 
Joinery,  etc.,  in  the  Manchester  Teclinical  School.  Third  Edition, 
with  65  full  page  plates,  in  flexible  cover,  obiong  .  .So 

WATSON.— A  Manual  of  the  Hand-Lathe : 

Comprising  Concise  Directions  for  Working  Metals  of  all  kinds. 
Ivory,  Bone  and  Precious  Woods;  Dyeing,  Coloring,  and  French 
Polishing;  Inlaying  by  Veneers,  and  various  methods  practised  to 
produce  Elaborate  work  with  Dispatch,  and  at  Small  Expense.  By 
Egbert  P.  Watson,  Author  of  "  The  Modern  Practice  of  American 
Machinists  and  Engineers."     Illustrated  by  78  engravings.         1 1.50 

WTATSON.—The  Modem  Practice  of  American  Machinists  and 

Engineers 
Including  the  Construction,  Application,  and  Use  of  Drills,  Lat>i« 
Tools,  Cutters  for  Boring  Cylinders,  and  Hollow-work  generally,  with 
the  roost  Economical  Speed  for  the  same;  the  Re^^ults  verified  b| 
Actual  Practice  at  the  Lathe,  the  Vise,  and  on  the  Floor.    TogeUMr 
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with  Workshop  Management,  Economy  of  Manufacture,  the  Steam 
Engine,  Boilers,  Gears,  Belting,  etc.,  etc.  By  Egbert  P.  Watson. 
lUustra  ed  by  eighty-six  engravings.     i2mo.      .         .         .        ^2.50 

WATT.— The  Art  of  Soap  Making : 
A  Practical  Hand-Book  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soaps,  etc.     Fifth  Edition,  Revised,  to  which  is  added  an 
Appendix  on   Mo<}crn  Candle   Making.     By  ALEXANDER  Watt. 
HI.     l2mo $3.00 

W£ATH£RLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Crys- 
tallizing, Losenge- making.  Comfits,  Qum  Goods, 
And  Dther  processes  for  Confectionery,  etc.,  in  which  are  explained, 
in  an  ea>y  and  familiar  manner,  the  various  Methods  of  Manufactur- 
ing; every  Description  of  Raw  and  Refined  Sugar  Goods,  as  Sold  by 
Confectioners  and  others.     12mo ^I«50 

WILL.— Tables  of  Qualitative  Chemical  Analysis  : 

With  an  Introductory  Chapter  on  the  Course  of  Analysis.  By  Pro- 
fessor Heinrich  Will,  of  Giessen,  Gennany.  Third  American, 
from  the  eleventh  German  edition.  Edited  by  Charles  F.  Himes, 
Ph.  D.,  Professor  of  Natural  Science,  Dickinson  College,  Carlisle, 
Pa.     8vo ^1*50 

WILLIAMS.--On  Heat  and  Steam : 

Embracing  New  Views  of  Vaporization,  Condensation  and  Explo- 
sion.   By  Charles  Wye  Williams,  A.  I.  C.  E.    Illustrated.    8vo. 

^2.50 
WILSON.^First  Principles  of  Political  Economy: 

With  Reference  to  Statesmanship  and  the  Progress  of  Civilization. 

By  Professor  W.  D.  Wilson,  of  the  Cornell  University.    A  new  and 

revised  edition.     i2mo. ^l<5o 

WILSON.— The  Practical  Tool- Maker  and  Designer: 

A  Treatise  upon  the  Designing  of  TooU  and  Fixtures  for  Machine 
Tools  and  Metal  Working  Machinery,  Comprising  Modem  Examples 
of  Machines  with  Fundamental  Designs  for  Tools  for  the  Aaual  Pro- 
duction of  the  work;  Together  with  Special  Reference  to  a  Set  of 
T(K>ls  for  Machining  the  Various  Parts  of  a  Bicycle.  Illustrated  by 
189  engravingK.     12^98 $^*S^ 
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Hoilow'Ware.  X  EmboMing:  Metal,  Com,  and  Stamped  Sheet-Metal  Orna- 
ments. XI.  Drop  Forging.  All.  Solid  Drawn  Sh«-lls  or  Ferrules;  Cupping  or 
Cutting,  and  Drawing:  Breaking  Down  Shells  XIII.  Annealing,  Pickling  and 
Cleaning.  XIV.  Toob  for  Draw  Bench.  XV.  Cutting  and  Assembling  Pieces 
by  Means  orR.ttchet  Dial  Plates  at  One  Opcrmtion.    XVI.  The  Header.     X' 


Broaching.     VIII.  Punches  and  Dies  for  Cutting  and  Drop  Press.    IX.  Tools  for 
w-Wi  -  --      .      - 

L    X! 

ig.  an 

ing. 
by  Means  orR.ttchet  Dial  Plates  at  One  Operation.  XVI.  The  Header.  XVII. 
lools  for  Fox  Lathe.  XVIII  Suggestions  for  a  Set  of  Tools  for  Machining  the 
Variotis  Part«  of  a  Bicycle.  XIX.  The  Plater's  Dynamo.  XX.  Conclusion— 
With  a  Few  Random  Ideas.    Appendix.    Index. 

W  ObDS. — Compound  Locomotives : 
By  A RTHUK  Tannatt  Wooos.    Second  edition,  revised  and  enlarged 
by  David  Leonard  Barnis,  A.  M.,  C.  E.    8vo.    350  pp.       I3.00 
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WOHLER.— A  Hand-Book  of  Mineral  Analysis : 

By  F.  WdHLER,  Professor  of  Chemistry  in  the  University  of  GMin- 
gen.  Edited  by  Henry  B.  Nason,  Professor  of  Chemistry  in  the 
Renssalaer  Polytechnic  Institute,  Troy,  New  York.  Illustrated. 
i2mo $2.50 

WORSSAM.— On  Mechanical  Saws : 

From  the  Transactions  of  the  Society  of  Engineers,  1869.  By  S.  W. 
WoRsSAM,  Jr.    Illustrated  by  eighteen  large  plates.    8vo.        $i-S^ 


RECENT   ADDITIONS. 

BRANNT. — Varnishes,  Lacquers,  Printing  Inks  and  SeaUn^^- 
Waxes : 

Their  Raw  Materials  and  their  Manufacture,  to  which  is  added  the 
Art  of  Varnishing  and  Lacquering,  including  the  Preparation  of  Put- 
ties and  of  Stains  for  Wood,  Ivory,  Bone,  Horn,  and  Leather.  By 
William  T.  Brannt.  Illustrated  by  39  Engravings,  338  pages. 
i2mo I3.00 

BRANNT — The  Practical  Scourer  and  Garment  Dyer: 

Comprising  Dry  or  Chemical  Cleaning;  the  Art  of  Removing  Stains , 
Fine  Washing;  Bleaching  an4  Dyeing  of  Straw  Mnt^,  Gloves,  and 
Feathers  of  all  kinds;  Dyeing  ol  Worn  Clothes  of  all  fabrics,  in- 
cluding Mixed  Goods,  by  One  Dip;  and  the  Manufacture  of  Soaps 
and  Fluids  for  Cleansing  Purposes.  Edited  by  William  T.  Branni, 
Editor  of  "The  Techno-Chemical  Receipt  Bcx>k."  Illustrated 
203  pages.     i2mo. $2.00 

BR  ANNT.— Petroleum . 

its  History,  Origin,  Occurrence,  Production,  Physical  and  Chemical 
Constitution,  Technology,  Examination  and  Uses;  Together  with 
the  Occurrenee  and  Uses  of  Natural  Gas.  Edited  chiefly  from  the 
German  of  Prof.  Hans  Hoefer  and  Dr.  Alexander  Veith,  by  \Vm. 
T.  Brannt.  Illustrated  by  3  Plates  and  284  Engravings.  743  pp. 
8vo.  $7  50 

BRANNT. — A  Practical  Treatise  on  the  Manufacture  of  Vine- 
gar and  Acetates,  Cider,  and  Fruit- Wines : 

Preservation  of  Fruiis  and  Vegetables  by  Canning  and  Evaporation ; 
Preparation  of  Fruit- Butters,  Jellies,  Marmalades,  Catchups,  Pickles, 
Mustards,  etc.  Edited  from  various  sources.  By  William  T. 
Brannt.     Illustrated  by  79  Engravings.     479  pp.    8vo.        $5.00 

BRANNT.— The  Metal  Worker's   Handy-Book  of  Receipts 
and  Processes : 

Being  a  Collection  of  Chemical  Formulas  and  Practical  Manipula- 
tions for  the  working  of  all  Metals ;  including  the  Decoration  and 
Beautifying  of  Articles  Manufactured  therefrom,  as  well  as  their 
Preservation.  Edited  from  various  sources.  By  William  T. 
B&ANNT.    Illustrated.     lamo.  |2^o 
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DPIT^.— A  Practical  Treatise  on  the  Manufacture  cf  Per* 
turnery: 
Comprising  directions  for  making  all  kinds  of  Perfumes,  Sadiet 
Powders,  Fumigating;  Materials,  Dentifrices,  Cosmetics,  etc.,  with  a 
full  account  of  the  Volatile  Oils,  Bafsams,  Resins,  and  other  Natural 
and  Artificial  Perfume-substances,  including  the  Manufacture  of 
Fruit  Ethers,  and  tests  of  their  purity.  By  Dr.  C.  Deite,  as«iisted 
by  L.  BoRCHERT,  F.  Eichbaum.  E.  Kugler,  H.  Toeffner,  and 
other  experts.  From  the  German,  by  Wm.  T.  Brannt.  28  Engrav 
mgs.    358  pan;es.    8vo. $i'^^ 

EDWARDS. — American   Marine  Engineer,   Theoretical  an^ 
Practical : 
With  Examples  of  the  latest  and  most  approved  American  Practice. 
By  Emory  Edwards.     85  illustrations.     i2mo.      .        .        52.50 

EDWARDS.— 900    Examination  Questions  and  Answers: 
For  Engineers  and  Firemen  (Land  and  Marine)  who  desire  to  ob- 
tain a  United  States  Government  or  State  License.     Pocket-book 
form,  gilt  edge $1-5^ 

KIRK. — The  Cupola  Furnace : 

A  Practical  Treatise  on  the  Construction  and  Management  of  Foun- 
dry Cupola*;.  By  Edward  Kirk,  Practical  Moulder  and  Meher, 
author  of  **'iMie  Founding  of  Metals."  Illustrated  by  80  Engravings. 
8vo.     (In  Preparation.) 

POSSELT. — The  Jacquard  Machine  Analysed  and  Explained: 

With  an  Appendix  on  the  Preparation  of  Jacquard  Canis,  and 
Practical  Hints  to  Learners  of  Jacquard  Desigrninfr,  By  E.  A. 
PossELT.  With  230  illustrations  and  numerous  diagrams.  127  pp. 
4tt' I300 

POSSELT.— The  Structure  of  Fibres,  Yams  and  Fabrics: 
Being  a  Practical  Treatise  for  the  Use  of  all  Persons  Employed  in 
the  Manufacture  of  Textile  Fabrics,  containing  a  Description  of  tl.B 
Growth  and  Manipulation  of  Cotton,  Wool,  Worsted.  Silk  Flax. 
Jute,  Ramie,  China  Grass  and  Hemp,  and  Dealing  with  all  Manu- 
facturers* Calculations  for  Every  Class  of  Material,  also  Giving, 
Minute  Details  for  the  Structure  of  all  kinds  of  Textile  Fabrics,  and 
an  Appendix  of  Arithmetic,  specially  adapted  for  Textile  Purposes. 
By  E.  A.  PossELT.     Over  400  Illustrations,    quarto.       ,  ^5.00 

RICH.— Artistic  Horse. Shoeing : 

A  Practical  and  Scientific  Treatise,  giving  Improved  Methods  of 
Shoeing,  with  Special  Directions  for  Shaping  Shoes  to  Cure  Different 
Diseases  of  the  Foot,  and  for  the  Correction  of  Faulty  Action  in 
Trotters.  By  Georgs  E.  Rich.  63  Illustrations.  153  pa^es. 
.     I2mo ^1.00 
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RICHARDSON.— PrmcUcal  BUcksmltfaingi 
A  Colleciion  of  Aiticles  Contributed  at  Diflferent  Times  by  Skilled 
Workmen  to  the  columns  of  ••  The  Blacksmith  sad  Wheelwri^" 
and  Covering  nearly  the  Whole  Range  of  Blacksmithing,  from  the 
Simplest  Job  of  Work  to  some  of  the  Nfost  Complex  Forgings, 
Compiled  and  Edited  by  M.  T.  Richardson. 
Vol.  I.  2 lo  Illustrations.  224  pages.  l2mo.  .  •  |i.oo 
Vol.11.  230  Illustrations.  262  pages.  i2nK>.  •  •  |i.oo 
Vol.  III.  390  Illttf^trations.  307  pages.  i2mo.  .  .  |i  00 
Vol.  IV.     226  Illustrations.     276  pages.     l2mo.      ,         .         {i.oj 

RICHARDSON  —The  Practical  Horaeshoer: 
Being  a  Collection  of  Articles  on  Horseshoeing  in  all  its  Branche* 
which  have  appeared  from  time  to  time  in  the  oolumns  of  **  1  he 
Blacksmith  and  Wheelwright."  etc.    Compiled  and  edited  by  M.  T. 
Richardson.    174  illustrations j(i.oo 

ROPBR. — Instructions    and   Sugc^estiona  for  Bnginee»  and 
Firemen : 
By  Stephen  Ropek,  Engineer.     i8mo.     Morocco        «        ^2.00 

ROPER. — The  Steam  Boiler:  Its  Care  and  Management: 
By  Stephen  Roper,  Engineer.     i2mo.,  tuck,  gilt  edges.        ^.00 

ROPBR.— The  Young  Bngineer'a  Own  Book: 

Containing  an  Explanation  of  the  Principle  and  Theories  on  which 
the  Steam  Engine  as  a  Prime  Mover  is  Based.  By  Stephen  Ropek. 
Engineer.     160  illustrations,  363  pages.     i8mo.,  tuck  f  2  50 

ROSB.— Modem  Steam- Bnginesi 

An  Elementary  Treatise  upon  the  Steam-Ii)ngine,  written  in  Plaia 
language ;  for  Use  in  the  Workshop  as  well  as  m  the  Drawing  Office. 
Giving  Full  Explanations  of  the  Construction  of  Modem  Steairw 
Engines :  Including  Diagrams  showing  iheir  Actual  operation.  To- 
gether with  Complete  but  Simple  Explanations  of  the  operations  of 
various  Kinds  of  Valves,  Valve  Motions,  and  Link  Motions,  etc, 
thereby  Enabling  the  Ordinary  Engineer  to  clearly  Understand  the 
Principles  Involved  in  their  Construction  and  Use,  and  to  Plot  out 
their  Movements  upon  the  Drawing  Board.  By  Joshua  Rose.  M.  E. 
Dlnstrated  by  422  engravings.     Revised.  358  pp.      .        .        ^.00 

R08B.— Steam  Boilers: 
A  Practical  Treatise  on  Boiler  Construction  and  Examination,  for  the 
Use  of  Practical  Boiler  Makers,  Boiler  Users,  and  Ins()ectors;  and 
embracing  in  plain  6{Tiirrs  all  the  calculations  necessary  in  Designing 
or  Classifying  Steam  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
^y  73  «"g™ving»-     250  pages.    8vo $2^0 

SCHRIBBR.— The  Complete  Carriage  and  Wagon  Painter : 
A  Concise  Compendium  of  the  Art  of  Painting  Carriages,  Wagons, 
and  Sleighs,  embracing  Full  Directions  in  all  the  Variocs  Branches, 
Including  Lettering,  Scrolling,  Omanienting,  Striping,  Varnishing, 
and  Coloring,  with  numerous  Redpea  for  Mixing  Coloit.  73  Illus- 
trations.    177  pp.     i2mo $ixxi 


